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INTRODUCTION 


Water is the greatest natural resource of a region; without it the 
most fertile spot is a desert. As soon, however, as water comes to be 
used by man its quality as well as its quantity begins to play a role, and 
as the complexities of civilization increase the role of quality becomes 
more and more important. 


Water may be a carrier of disease and consequently its quality of 
wholesomeness is an all important one. Typhoid and cholera epidemics 
have been eliminated from the cities of the temperate zone by water 
purification plants, watched over by trained chemists and bacteriologists. 


In a somewhat analogous way water may also carry industrial 
diseases which occasion enormous economic losses. These industrial 
losses brought about by impurities in water are just coming to be real- 
ized, and it is therefore fitting that the State should undertake investiga- 
tions which will do for its industrial life much the same thing that has 
already been done for the health of its citizens.! . 


Such investigations have been taken up by the Geological Survey 
of Ohio and this Bulletin constitutes the first publication on the subject. 
Its aim is to present by chemical analyses the nature of the waters of 
the State from an industrial standpoint and to give some account and 
discussion of industrial water problems, such as the source and character 
of the impurities, the methods of industrial water analysis, the behavior 
of water in use, and the purification of water for industrial purposes. 


These topics are presented in their general scientific aspects rather 
than along the practical, engineering lines of plant experience. This 
plan was followed because it was appropriate for a general bulletin on 
the subject, and also because the author has tried always to keep in 
mind that he is not an engineer experienced in the operation side of 
water technology but is rather a book and laboratory chemist. 


Though some of the matter is necessarily technical, much of it can 
be read by one entirely without chemical training. Indeed, in the writ- 
ing of the general chapters the author has kept in mind all who might 
be attracted by the fascinating lore of water, owners of mills and factories, 
steam engineers, housewives, and boys and girls with a scientific bent. 


1The State Board of Health of Ohio began in 1898 to study the drinking water 
supplies of the State and has continued since then the scientific work that has helped 
to give the cities of Ohio their splendid water purification plants. 
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For more than anyone’else, however, these chapters have been 
written for those chemists of Ohio whose work is such that they have 
not had occasion to seek an intimate knowledge of the chemistry of 
industrial water and do not, therefore, recognize the existence on every 
hand of industrial water problems. Water problems exist wherever 
there is a steam boiler, a steam or hot water heating plant, a laundry, 
or a household, and if chemists have at hand an elementary and detailed 
presentation of the chemical principles of water technology, the author 
believes that the solution of the water problems of the State will be pro- 
moted as in no other way. This Bulletin, then, will be found to tell 
little of the practical ways of handling water, but it tries to tell much 
of the fundamental chemical behavior of water. 


As a final word to this Introduction, the author wishes to express 
his thanks to one of his former students, Mr. Charles P. Hoover, Super- 
intendent of the Columbus Water Purification Plant, for friendly assist- 
ance in reading proof and for the valuable suggestions which he has made. 


PART I 


GENERAL INFORMATION ABOUT WATER AND 
ITS BEHAVIOR IN USE 


CHAPTER I 


ORIGIN OF THE IMPURITIES IN WATER 


1. Rain water in descending through the air and in percolating 
through the upper layers of soil absorbs carbon dioxide with which it 
forms carbonic acid. This greatly increases the solvent power of the 
water so that it dissolves a certain amount of the mineral matter of the 
soil and rock with which it comes into contact. The nature of this 
dissolved matter and also the amount of it which'will thus go into 
solution in a unit volume of water is dependent upon the nature and 
amount of the mineral matter in the soil and rocks. It thus follows 
that the character of the waters-of a region can be told if the nature of 
the soil and rock is known, and conversely the general character of the 
soil and rock can be inferred from the kind and amount of the dissolved 
mineral matter in the water. 


Substances Usually Found in Water 


2. Generally speaking, those rocks and mineral particles in the 
soil that contain the larger amounts of lime and magnesium compounds 
are the more easily decomposed by water containing carbonic acid, and 
therefore salts of these metals are likely to predominate in surface and 
ground waters. The chemical action consists, in the main, in solution 
as bicarbonates, Ca(HCO;), and Mg(HCO;)2. A common exception 
to this occurs in those regions where there is a great deal of gypsum or 
calcium sulfate, CaSO, This substance is slightly soluble and always 
enters the waters where it is present. After calcium and magnesium 
salts the next most abundant substance in water is likely to be some 
compound of sodium, usually the chloride or sulfate. ‘This probably 
comes from the lime-sodium feldspars and certain micas which are 
abundant in soils and slightly soluble. In many of the deep-seated 
waters of Ohio, however, the position of sodium is shifted to the top, 
sodium chloride being the most abundant substance present. ‘This is 
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evidently due to the presence in the lower strata of deposits of salt 
resulting from the evaporation of sea water or salt lakes in earlier geologic 
time. Such waters are really brines, and in addition to their high 
content in sodium chloride are also characterized by the large amounts 
of calcium and magnesium salts which they carry. This increase in 
the concentration of calcium and magnesium salts and of chlorides with 
the depth of the water-bearing stratum is noticeable in even the shallower 
wells and of course long before the brine stage is reached. 

3. The concentrations of the more abundant acid radicals, or ions, 
in waters are in the order—bicarbonate, HCO,; sulfate, SO,; chloride, 
Cl; and nitrate, NO3, with occasional reversal in the positions of sulfates 
and chlorides. 

4. The abundant bicarbonate radical results from the action on 
carbonate rocks and minerals of the carbon dioxide washed from the air 
by rain and taken up on the surface and in the upper layers of soil where 
it is produced by decaying organic matter. 

5. Sulfates in waters owe their origin to soluble sulfates, such 
as gypsum or calcium sulfate, and to the oxidation of decomposed 
sulfides, such as pyrite. 

6. Chlorides occur as deposits of sodium chloride ranging from 
just enough in the soil to attract herbivorous animals (deer licks), to 
thick strata of rock salt. Apart, however, from such actual deposits 
of salt, chlorides in small amounts exist in the soil and rocks though 
not in sufficient quantity to permit of determining the base with which 
the chlorine 1s combined. As the rocks and soil fragments are grad- 
ually decomposed, these chlorides are set free and dissolve in the water. 
In inhabited regions a certain fraction of the total chlorides in the 
waters comes from animal excreta. 

7. Nitrates result from the oxidation of ammonium compounds 
derived in turn from decaying organic matter. Traces are also found in 
rain water. Excepting in arid regions there will not be high concentra- 
tions of nitrates because of their great solubility and because they are 
rapidly taken up by growing vegetation. 

8. Sulfides are the characteristic constituent of the so-called 
sulfur waters and owe their origin to mineral sulfides in the rocks and 
also possibly to the reduction of sulfates by organic matter. 

9. Finally, in addition to the constituents given above, which 
constitute the great bulk of the dissolved mineral matter of Ohio waters, 
some of the following are usually found in measureable amounts: iron, 
aluminium, potassium, lithium, ammonia, strontium, barium, man- 
ganese, arsenic, phosphates, bromides, iodides, fluorides, and boron. 
In isolated cases of course any one or any group of the above minor 
constituents may be present in large quantity. In Ohio, for example, 
there are many instances of mine waters which carry large amounts of 
iron resulting from the decomposition and solution of iron pyrite. 


GENERAL INFORMATION itl 


10. Iron, though usually present to the extent of a few parts per 
million only, is included in an analysis because of its importance as an 
impurity. It is universally present in rocks and soils and probably 
enters the water as ferrous carbonate. 

11. Organic matter is always present in small amount though its 
determination is not usually included in an industrial analysis. In a 
sanitary analysis (19) it is roughly measured by the “oxygen consumed” 
and by the “albuminoid ammonia.”’ The units employed in stating the 
results of these determinations are, however, such as to give little or no 
idea of the amount of actual organic matter, for the first gives the amount 
of oxygen required to oxidize the carbonaceous matter and the second the 
approximate amount of nitrogen in the nitrogenous matter. The 
amount of organic material corresponding to these values is much 
greater. 

12. In an industrial state hike Ohio mention must also be made 
of the addition to waters of trade wastes which may add any conceivable 
constituent, especially to surface waters. This takes place to such an 
extent that in some instances the character of a fairly large river is 
dominated by the industrial wastes poured into it. 


Natural Changes Taking Place in Water 


13. It must also be remembered that the dissolved matter in a. 
water may undergo change. As ground water descends to lower levels, 
new minerals are encountered or reservoirs containing water with 
different constituents may be reached with the consequence that some 
of the mineral matter dissolved from the upper soil will be displaced 
by new substances existing in greater concentration in the deeper vein. 
Thus, carbonic acid may be driven out by hydrogen sulfide or the sul- 
furic acid radical entirely precipitated by an admixture of water carrying 
soluble barium salts.2, In extreme cases the whole character of a water 
may be changed through the precipitation of its calclum and magnesium 
as the result of percolating through beds of natural zeolites; in other 
words a change from hard to soft water will take place. Ohio, however, 
records no instance of this. 

14. Changes in the constituents of waters are, however, not con- 
fined to descent into the depths. Coming to the surface whether as 
a spring or flowing well or when pumped up is also productive of chemical 
transformations in the constituents of a water. The most conspicuous 
of such changes is the loss of some of the carbonic acid with the resulting 
decomposition of the soluble calcium bicarbonate, Ca(HCOs)2, and 


2Foulk, C. W., in Geol. Survey of Ohio Fourth Series Bull. 8, Salt Deposits and the 
Salt Industry in Ohio, p. 27. In the Pomeroy brines sulfates are entirely absent, an 
unusual condition in Ohio waters but easily accounted for by the presence of barium 
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precipitation as the normal carbonate, CaCO;. Another striking effect 
observed in many Ohio waters is the precipitation of the iron as a yellow- 
ish, brownish flocculent deposit. This is caused by its oxidation from 
the ferrous to the ferric state by the oxygen of the air and the subsequent 
hydrolytic precipitation of the ferric iron. An iron-bearing water may, 
therefore, be perfectly clear when first pumped but will then soon become 
cloudy or turbid, the particles causing the turbidity presently coalescing, 
becoming darker, and finally settling to the bottom. 


15. If a water contains hydrogen sulfide (“sulfur’’?) in addition 
to iron, a black precipitate will often form which is sulfide of iron. 
Hydrogen sulfide alone escapes in part and is oxidized in part by the 
air with liberation of sulfur which first appears as a white turbidity and 
then gradually settles out as a dirty looking precipitate. The rate of 
all changes brought about by exposure to the air will be increased by 
agitating the water or blowing air through it. 


16. Organic matter undergoes.a regular series of changes known 
as the cycle of nitrogen. Assuming the starting point to be the com- 
plex substances dissolving from animal or vegetable particles with 
which the water comes into contact, the first change 1s to ammonium 
(NH,) compounds. Next, under the oxidizing effect of the air and of 
certain bacteria, these are transformed into nitrites which in turn are 
rapidly oxidized to nitrates. In order to complete the cycle, the nitrates 
must be taken up by growing vegetation, which then serving as food can 
reach the stage of animal matter. 


CHAPTER II 


MEANING OF WATER ANALYSIS 


17. The author has encountered so much misconception of the 
nature and scope of water analysis that it has seemed worth while to 
present here some of its fundamental aspects. 


18. Most water analyses are made to answer one of the following 
questions: (1) Is the water safe to drink? (2) Does it contain sub- 
stances of medicinal value? (3) Is it suitable for industrial use? 


Sanitary Analysis 
19. The analysis which is made to determine the wholesomeness 
of a water for drinking is called a sanitary analysis and is for the most 


part a highly specialized set of determinations, altogether meaningless 
to the ordinary person, as the following will show: 


TABLE I 


A typical sanitary analysis 


Parts per 
million 

MSE Peni er EI hanIabe) creas! oi trees wl Field ios OM Susi shel oieiake 530. 
esto Bt hte SPDT Me a) ayaa ee te ant ea eR heat 106. 
Carbonateor temporary ardnessis 5.) 2c ite odie ete a wets alee ee baie 300. 
Non-carbonate or permanent hardness ............. Bs: evi Senge wel aha 70. 
rah a tae ee a i er chy Me. Sian b URES @ wells icra ehadegs 16. 
Cysnt Asien al gs 48 Sabi ees SSeS MOO ae nin ne Cmceeiche olan ery reece ee) 
foo TS eee Ley eS GR 2 Sk oS Pe oe ee 0.086 
(Petes Ser Ec gk Dien Alpe St ices Monts Sins Ae ccs ear te an ala 0.022 
Ree ESR Mee MR eet Ren Me rete wie Sina ineuy. Oia sais “oroys, brig gra Big 15. 0.002 
ee aR ee OL Reine 8, LE ies Gis @ oe nes Sm sin tage eas 12 


20. Such an analysis must be accompanied by a description of the 
surroundings and conditions of the source of the water, that 1s, of the 
well, spring, river, or lake under examination. This description of 
surroundings is called the sanitary survey and it should include all 
items that might indicate: (1) Whether the water is receiving any sew- 
age, particularly sewage containing wastes incident to human life, and 
(2) whether the water is receiving any thing that might simulate sewage, 
that is, contain some of the characteristic substances in sewage. 

_ 21. The various constituents listed in the analysis above are 


(13) 
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harmless in themselves. They are not the substances in the water which 
make it unsafe for drinking. The amounts of these constituents of the 
analysis, however, when considered in the light of the sanitary survey, 
indicate to the chemist whether the water is receiving any sewage, such 
for example as seepage from house drains or outdoor privies. 

22. If a water can be shown to contain such additions it should 
be condemned as unfit for drinking, because at any time the sewage may 
contain the excreta of a typhoid patient and thus all the users of the 
water may become infected. Lest the more conservative readers may 
feel that as long as no typhoid patients are in the neighborhood there will 
be no danger, it may be worth while to point out the aesthetic side of 
the situation, namely, that no one cares to drink the diluted seepage 
from his neighbor’s privy even though his neighbor is in perfect health. 

23. Since this Bulletin is about industrial water, no details of the 
so-called sanitary analysis will be given.? The following simple facts, 
however, should be known to every one. 

24. The one thing that makes a water unfit for drinking is con- 
tamination by sewage because the sewage may contain specific disease 
germs. With the exception of an occasional case of lead poisoning due 
to the action of a very soft water on lead pipes, there is not one chance in 
millions that a drinking water will contain a poisonous mineral in- 
gredient. If a well or other drinking water supply is suspected, the 
first thing to look for is the location of house drains, sewers, and out- 
door privies. They must be so located with respect to the well that 
there is no possible chance of contamination. _ 

25. An important point has to do with the employment of a 
chemist. ‘There is absolutely no use in sending away a sample of water 
for sanitary analysis unless the one who takes and packs the sample is 
especially informed on how to doit. The right procedure is to communi- 
cate with the chemist first and wait till he sends a prepared bottle’for 
the water, with complete directions for taking the sample and describing 
the surroundings. 


Industrial or Mineral Analysis 


26. An analysis for industrial or medicinal purposes is more direct 
than the sanitary one because the substances in a water which give it 
its industrial and medicinal properties are capable of direct determination. 
These substances are almost wholly of mineral character and therefore 
a complete industrial or medicinal analysis is merely a list of the amounts 
of the various kinds of mineral matter in the water. Since the latter 


*The methods of sanitary analysis are admirably given in Standard Methods for 
tbe a of Water and Sewage, American Public Health Association, New 
ork. : 
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part of this Bulletin contains hundreds of such analyses none will be 
given here. It may be said, however, that such an analysis will include 
the determination of calcium (lime), magnesium, sodium, iron, car- 
bonate, sulfate, chloride, nitrate, and silica. These substances are in 
nearly every naturally occurring water. Hydrogen sulfide and carbon 
dioxide are frequently determined and sometimes lithium, potassium, 
ammonium, barium, strontium, aluminium, bromide, iodide, and 
phosphate are included. Since water is a universal solvent, very small 
amounts of almost anything can be found by a chemist who cares to 
take the necessary time for the search. For example, the author has 
detected arsenic in many Ohio waters. Timid consumers should, how- 
ever, not worry over this because there is not enough even to affect 
the complexion. 


27. ‘There is a general belief that many waters have great curative 
properties. Salts of lithium, bromine, and iodine are supposed to be 
particularly efficacious in certain disorders. The presence of much 
magnesium sulfate (Epsom salts) gives a laxative effect. These and 
other substances can of course be found by the chemist but it is doubtful 
if the chemist is competent to interpret the results of his analysis from 
a medical standpoint. Such matters should be referred to a physician. 
Those who are particularly interested in medicinal waters should con- 
sult Bulletin 91, United States Bureau of Chemistry. 

28. The advice given in paragraph 25 applies almost as much to 
those who are seeking a mineral analysis. The chemist should be told 
the object of the analysis. He will then know what constituents ought 
to be determined and can advise with his client as to the best procedure. 


CHAPTER III 


WAYS OF STATING THE RESULTS OF A WATER ANALYSIS 
Objections to Hypothetical Combinations 


29. Those who have glanced over the tabulated analyses of the 
ground waters: as given in this Bulletin may possibly claim that they 
cannot understand them on account of the way in which the results 
are stated. Instead of the familiar calcium carbonate, calcium sulfate, 
magnesium chloride, etc, there are found separately listed what are 
apparently the constituents of these well known substances, namely, 
calcium, magnesium, sulfate radical, etc., “all of which may be scien- 
tifically correct but gives no idea of the character of the water.” Such 
a statement of the situation is entirely true, with the qualifications which 
may be gathered from the succeeding paragraphs, and therefore as a 
criticism it must be frankly met. 


30. During the last decade chemists have begun to drop the old- 
time method of stating the results of a water analysis in terms of the 
familiar salts and to give instead the individual constituents. There 
are two reasons for this: (1) It is impossible and always has been im- 
possible to determine in a solution just how the bases and acids are 
combined. All that can be done is to determine them separately. For 
example, the amounts of calcium, magnesium, sodium, sulfate radical, 
nitrate radical, and chloride can be determined in a water but there is 
no way of discovering whether the calcium is there as chloride, sulfate, 
or nitrate, and so on. Indeed, modern chemical knowledge points 
strongly to the theory that no such combination exists under the con- 
ditions. (2) There is no uniformity among chemists as to the methods 
followed in attempting to combine the bases and acids. For example, 
one may calculate a set of results so that all of the calcium will be re- 
ported as calcium carbonate while another will calculate it nearly all 
as sulfate. 


31. On practical grounds the second reason given above is the more 
important because no matter how illogical the method might be, if 
chemists all calculated their results in the same way, all analyses would 
then be comparable among themselves and users of industrial waters 
would know through experience just what results to expect from a given 
analysis. ‘To show, however, that analyses can be and are calculated in 
different ways and that when so calculated they do not resemble each 
other to any great degree, the following tables are given. Tables II 


(16) 


fl 
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and III are from a paper by Dole, and Table IV gives various ways 
of calculating the analysis of Sample No. 272 from this Bulletin. 


Analysis of the water of Missouri River, near Ruegg, Mo. 


TABLE II 


in parts per million.) 


Results of 

Constituents analysis 
PORE CSN dad hee ot at. os unas coe vic Oh ace ici we 29.0 
Pern einen Ay ce eas wah 0.5 
SET y GON A Ly a i a ii ea A a 52.0 
RPRDAPE TRENT AG) site io Sate eters orc tls Sie oto 16.0 
SONECT ANS AW QA) 8 ce Sie eo 31.0 
Paeaaesarins ANC Mies, cA EE ROY ae ne sinis zwitcnds leks Bn 6.5 
Marpunate ranicile (COs)ic 2 sk s2 iss vivn'n eG os okt ste 0.0 
Brearbonate radicle (F1CO3) <6 8 sak chs ules «bee es > 178.0 
Bea PAGIC SK a) Mos fae lakers ke cls Sans so eaccaechls 104.0 
Pater ore TAGE WIN Os) esp at es diene dadeieusirs aides 2.9 
a EC ETCOR. (ES | Raa A ea ea gi ar a roe 12.0 
Dissolved solids by evaporation... ..........0.000- 346.0 


TABLE III 


(Results 


Analysis of Missouri River water (see Table II), calculated accord- 
ing to various schemes for representing combinations of the ions. 
sults in parts per million.) 


Soo ys eS el ee 29 29 29 29 29 29 
REE MENG Wee. ewe ticle a minis cle ads. 24 a FISe OE aoe 0.7 
Ferrous bicarbonate, Fe (HCOs)2..... WG OLE Gel 6) Sy: iletor eae 
Calcium bicarbonate, Ca (HCOs)2..... ZAG e210 36 Stl 26 SO 
Reaicinarsiltate, CASO6 66 o oisiec «a6 see oe 147 147 68 68 
fealeinaeulOride Cal les sick ccs Seah se sae nee voy. LO ems ne 
@alenimmtrate; Ca(NQs)a: oh... ens sore AE aes We ee 
Magnesium bicarbonate, Mg(HCOsz)2.. 20 20 96 96 96 96 
Magnesium sulfate, MgSOy.......... 62 ra a: ants at 
Sodium bicarbonate, NaHCO;........ ... mah 945 51285) OF Ot 
Sodium sulfate, NasSQy..........2.-- 80 BOF Gees. a ris 8 83 83 
Sodrum chloride, NaCl 025. cciie ee eee 10 13 LOA, het 10 20 
SGdlumeaitratewiINaNOg-.uie: aves ces can de Pe Ag Pete ee ahs 
Potassium chloride, KC] ............ 12 9 VO vies 12 
Potassium nitrate, KNO3............ --- Se feet en rth Rad 
Shy Thrls © ae Ri ace ee An ee 429 430 430 428 430 427 


(Re- 


-4Dole, R. B., Hypothetical Combinations in Water Analysis. J. Ind. and Eng. 


Chem. 6, 710. 
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32. Mr. Dole makes the following comments on Table III: 


“All the sets of combination represent schemes used either by a 
large number of analysts or by one or two concerns that examine many 
samples from all parts of the country. The list might be much more 
extensive. No extreme, but mathematically correct, schemes that are 
unused have been introduced, and the table has been further simplified 
by omitting all but the more commonly measured constituents. The 
only difference between Columns 1 and 2 is that sodium nitrate is 
calculated in one and potassium nitrate in the other. In Column 3, 
however, calcium is combined first with sulfate instead of carbonate. 
In Column 4, calcium is combined successively with sulfate, chlorine, 
and carbonate. Columns 6 and 7 represent methods used by certain 
boiler water analysts, who ordinarily determine and report iron as the 
oxide and do not separate sodium and potassium but compute both 
together as sodium. As these analysts would not determine nitrate 
in a water containing so little as that under discussion, absence of that 
radicle has necessarily been assumed. Bicarbonates instead of carbon- 
ates also have been computed because analysis shows that the carbon- 
ate radicle is absent; this slight deviation from the directed methods, 
however, makes no difference in the theory and permits direct com- 
parison with other schemes. According to the scheme in Column 5 
calcium nitrate, instead of potassium or sodium nitrate, is computed. 
According to that in Column 6 as much as possible of magnesium bi- 
carbonate is computed first, while according to that in Column 7 as 
much as possible of calcium bicarbonate is computed first. 


33. “The most obvious deduction from these figures is that it is 
impossible to compare the report of one analyst with that of another 
without recalculation. The next thought that comes to most of us 
is that the other man’s scheme is incorrect. Some would object to 
calculation of calcium nitrate at the expense of calcium carbonate and 
some to calculation of calcium chloride in the presence of sodium bicar- 
bonate, while others would prefer to calculate magnesium sulfate instead 
of calcium sulfate. Aside from the theoretical merits of the methods, 


consideration of which would provoke endless discussion, there are 
these alarming facts: 


34. “(1) All are widely used methods of reporting the analysis of 
one water. (2) The results can not be directly compared with one 
another. (3) The results are used for estimating the quality of the water. 
(4) The results are given to men who, not being chemists, are incom- 


. : a 
petent properly to discount the statements but take them at their face 
value.” 
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TABLE IV 


Various ways of calculating the analysis of sample No. 272. (Re- 
sults in parts per million.) 


ely ae 

Gale. Ca. oof. cah oh 73 Sodium nitrate, NaNOs...:...... sages 29 
Magnesium, Mg........... 36 Magnesium nitrate, Mg(NOs)2..... 29 13 16 
Saati Nase caetiscsacs 4 Magnesium carbonate, MgCO;.... 46 105 53 
Bicarbonate radical, HCOs..299 Magnesium sulfate, MgSQy....... (ee ee 
Sulfate radical, SOy. ....... 58 Magnesium chloride, MgCh ...... URS Se eg IS ae 
NreraterameasNOr cs os., 09 Galcium sulfate; CaSQ. 9... ..500 2 82 
Chlorine, Cl Se ee 10" »Calciumicathonate, GaCO;. )...... 1837 12099183 


Tron, Fe, 0.16 parts, and silica, SiOx, 38 parts, not included in the calculations. 


35. An inspection of the three tables above should convince any- 
one that a water analysis in which the results are stated in terms of 
combined salts is of doubtful value to the average water user unless 
there is some assurance that the method of calculating is the same as 
that used for other analyses with which he is familiar. 


Reasons for Earlier Forms of Statement 


36. There are several reasons for this chaotic condition in the 
reporting of analytical results. First, before the modern theories of 
water solutions had been developed it was believed that salts in solution 
still retained the combination of basic and acidic parts though it was 
recognized that when several salts were dissolved together there might 
be a rearrangement of bases and acids. Chemists naturally endeavored 
to find what this rearrangement was under different circumstances. 
They groped in the dark, however, because the true guiding principle 
was lacking and as a consequence there was diversity of opinion as to 
the correct road to follow. Good and bad qualities in a water however 
soon came to be associated with the presence or absence of some salt 
and therefore pressure was brought to bear on the chemist so to cal- 
culate his results as to make it appear that much or little of a given 
substance was present. For example, one might imagine the town 
of Ruegg (See Tables II and III above) seeking to have a certain in- 
dustry locate there and as an inducement pointing to the desirable quality 
of the Missouri River water, which according to analyses 1, 2, and 7 
contains none of that pernicious, hard scale-forming constituent, calcium 
sulfate. A rival town, employing a chemist who calculated according 
to Nos. 3 and 4, might dispute the claim and show that the Missouri . 
was full of dissolved calcium sulfate. Or we might suppose some one 
had a spring water resembling that of Sample 272, Table IV, in its 
mineral matter and that it was desired to sell the water because of the 
medicinal value of the magnesium sulfate, Epsom salts, in it. Such 
a client would employ chemists 1 and 3 and would have nothing to do 


_with No. 2. 


a 
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37. This deplorable situation has not of course escaped the chem- 
ists themselves and some of them began to calculate their analyses not 
according to what was supposed to be in the water but 1 a way to show 
how the water would behave under certain circumstances, for example, 
when used in a steam boiler. Since the formation of scale is perhaps 
the most striking characteristic which an analysis of a boiler water is 
intended to show, the acids and bases were calculated in the way that 
would show the maximum amount of those combinations which are 
relatively insoluble. But here again difficulties arise. Boiler scale 
has a quality as well as a quantity factor and any steam user would 
prefer within reasonable limits a large amount of soft, loosely adherent 
scale to a small amount of hard scale that requires a hammer and cold 
chisel for its removal. How then shall the calculation be made, to 
show the maximum of the loose scale-producing calcium carbonate, 
or the hard scale from calcium sulfate? 

38. Again, relative solubilities are known only for lower tempera- 
tures and pure water as the solvent. What goes on inside a steam 
boiler running at high pressure and using the average Ohio hard water 
is still a matter for research; and finally, combinations that would show 
the behavior of a water under one set of conditions might fail to charac- 
terize it when it was used in another way. 

39. As would be expected, the net outcome of these diverse opinions 
has produced different camps of chemists, each believing in its par- 
ticular method. Each camp too has its followers among the laity, 
who, because they pay for water analysis, rightly feel that it should be 
given them in a familiar form. The “combined salts’? thus presently 
crystallized into crusts of conservatism that only recently have begun 
to dissolve away. 

Ionic Form of Statement 


40. Turning now to the method which chemists are beginning 
to use instead of the troublesome combinations, it will be seen that the 
facts as given in 30, 1, afford the simple and natural way out of the 
difficulty. Since the individual constituents only can be determinéd, 
these are the ones that should be reported in the analysis. 

41. There is, though, an added reason which can be brought out 
better after giving the modern theory of solutions, which states that 
when salts dissolve in water they dissociate into simpler substances 
called ions. These ions correspond to the basic and acidic parts or 
radicals of the salts and are found to be precisely those constituents 
which the chemist can recognize and determine. In other words, it is 
the ions only that have the distinctive chemical properties and impart 
their characteristics to the solution. They exist in the water uncom- 
bined and therefore it is nearer the truth so to report them.® 


*An extended discussion of the ionic theory would be out of place in a bulletin of 


this sort and indeed is unnecessary because at the present time any elementary chem- 
ical text book devotes a chapter to it. 
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42. An example of a prepared solution and its analysis might be 
worth giving. If small amounts each of calcium sulfate, sodium sul- 
fate, magnesium chloride, and calcium nitrate are dissolved in a large 
quantity of distilled water so that the solution has about the same 
amount of salts in it as are present in a hard water, the salts at once 
dissociate into calcium, sodium, magnesium, chloride, sulfate, and 
nitrate ions. If the mixture were given to a chemist for analysis he 
could determine only those ions, and, let us say, would find the following: 


eT yg OEY ag Ro ie Oe 80 parts per million 

Magnesnim, Mert... ... 2. ecu 24° 8S . nf 

Seat NTS STL [Vea a a 4G 8 Y se 

SPR BS Da ters albrce tobi itcclbey +, getty VOD Saks * & 

PircEawe IWOsir cue A ck hota 12g45 -¢ 2 3 

ee SU ee Oe CM inn ona eee easy ae ‘ z 
PRETO, he Soy 


43. This list represents the so-called ionic statement of the results 
of a water analysis. It gives simply and truthfully what is in the water 
and contains all the information that can be in an analysis. Owing 
to its simplicity it is the easiest to follow, and when chemists uniformly 
adopt it all water results will be comparable among themselves. 

44. It is interesting to see what this analysis looks like when 
calculated according to one of the well-known procedures.® 


Sodium nitrate, NaNO3........ 85.0 parts per million 

Sodium chloride, NaCl ........ Bei Ge we re is 

Magnesium nitrate, Mg(NOs)e . TaD er : c 

Magnesium chloride, MgCl... 47.5 “ “ a 

Calcium sulfate, CaSO,y........ Zee Oe os as es 
POE cc ae ae Boa) 


45. Some idea of the progress being made in the use of the ionic 
forms in water analysis can be gathered from the following: It has 
been employed for a period of years by the United States Geological 
Survey.” The Illinois State Water Survey gives its analyses in the ionic 
form, though accompanying them with parallel lists of hypothetical 
combinations. A Kansas State bulletin® prints the ionic form only of 
the mineral analyses of ground waters. In conclusion, the language 
of Clark might be quoted. He says of attempts to calculate how the 
bases and acids are combined, ‘“‘the result is a meaningless chaos of 
assumptions and uncertainties.”’® 

46. Finally, when all the evidence is in, for and against the various 

®Bartow, Udden, Parr, and Palmer, University of Illinois Bulletin, Vol. 6, No. 3, 
The Mineral Content of Illinois Waters, p. 38. : 

7U. S. Geological Survey Bulletin No. 616, The Data of Geochemistry, p. 59. _ 
8Bulletin of the University of Kansas, Engineering Bulletin No. 5, Water Supplies 


of Kansas, Part I, Ground Waters, by C. A. Haskins and C. C. Young. 
°Data of Geochemistry, p. 59. 


“ 
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ways of reporting the results of a water analysis, one important point 
remains: Whatever its form, the interpretation of the analysis can 
seldom be made by the layman who lacks special chemical knowledge 
and experience in such matters. Dole’? refers to this in the following 
pointed way: 

47. “Rather intimate experience for several years with lay comments on water 
analyses has made me extremely skeptical as to how much of the truth hypothetical 
combinations convey to many men who are supposed to make practical use of the re- 
sults. What the manufacturer or engineer wants to know is how a particular water 
will fit some use to which he wishes to put it. Is it safe to drink? Does it taste bad? 
Will it stain clothes? How much scale will it form in boilers? How can it be softened? 
Answering these questions is the function of an expert, who interprets the facts of 
analysis in the light of practical experience.” : 

48. The author, feeling the limitations to his own ability to judge 
from the analysis just what the scaling, corrosive, and foaming properties 
of a boiler water may be, is disposed to agree with Dole’s emphatic 
statements. The chemist may, and in fact must, make many calcula- 
tions in arriving at his opinion. The results of some of these ought to 
be presented in his report, but—and this is the main contention—the 
report should always contain the ionic statement of the results of the 
analysis because this and only this gives the fundamental data on which 
all calculations must be based. 


Difficulty of Interpreting Ionic Form 


49. ‘There is, however, an inherent difficulty, especially for the 
layman, in interpreting a water analysis in the ionic form. The chemical 
effects of the various constituents can not be compared among them- 
selves because these effects are not proportional to the amounts present. 
In the case of any one ion such a proportionality exists of course but the 
amount of one ion can not be compared with that of another. The 
soap destroying power of 24 parts by weight of magnesium is the same, 
for example, as that of 40 parts of calcium. Forty parts of calcium will 
combine with 60 parts of carbonate ion to form calcium carbonate but 
the same amount of calcium will combine with 96 parts of the sulfate 
ion. Any attempt therefore to judge of the character of a water by 
inspecting its analysis on the ionic basis must take these facts into 
consideration. Chemists will at once recognize the situation and say 
that the different ions have different combining weights. In other 
words, equal weights of different ions do not exert equal chemical effects. 
There is some analogy between this and the well-known fact that equal 
weights of different solids do not occupy equal volumes. Such diffi- 
culties are of course simple matters for the chemist. _ He includes these 
different combining weights in his calculations. The layman who 
wishes to use water analyses may now ask a pertinent question—can not 
the chemist so calculate and,state the results of his analysis that the 


Dole, R. B., J. Ind. and Eng. Chem. 6, 710. 
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numerical values will be exactly comparable among themselves; so that, 
for example, if there are five parts of magnesium and five of calcium, 
it will mean that the soap destroying power of the water is 10, or if there 
are ten parts of the sulfate ion present it will mean that there is just 
enough sulfate to combine with the calcium and magnesium? The 
chemist can do this. All that is necessary is to divide the parts per 
million of the ions as given in the analysis by their combining weights. 
The numbers thus obtained are in effect the parts per million of the ions 
calculated to what the analysis would have been had all of the ions had 
the combining weight of 1. Since the units of these numbers are all 
the same from the standpoint of chemical effect, the numbers them- 
selves are strictly. comparable. In Table V below an analysis is given 
calculated in this way: 


TABLE V 
A Typical Analysis Showing Parts per Million Divided by Combining 
Weights 
Parts per million 
Constituent Parts per million Combining weight 
ECT Os ee ee 132 6.57 
Magnesium, Mee ov... 2: - 30 2.47 
NOGUIGIN A ee Sando m6 ce 45 1.96 
Garbonate, COs. 522 ose 289 4.73 
Chiende, ioe es. ea. ; 98 DRE 
Ditteatow Noe Secs hacia 8 + 0.06 
PMN AEREY cei eo Nott oe ea ae 141 2.93 


50. The numbers in the last column may now be compared in any 
way among themselves and of course with similar numbers of other 
analyses. For example, the soap destroying power is the sum of the 
numbers for calcium and magnesium, 6.57+2.47 or 9.04. If the water 
is evaporated it can be seen that both calcium carbonate and sulfate 
will separate out, because the calctum number is much larger than the 
carbonate number, and the sulfate number is larger than the difference 
between the numbers for calcium and carbonate. This reasoning is 
based on the perfect equivalence of these numbers. The 4.73 carbonate 
will react with 4.73 calcium. This leaves 6.57— 4.73 or 1.84 calcium to 
form sulfate, which it will do because there is more than that much 
sulfate. It is interesting to note now that these relations of the calcium 
carbonate and sulfate ions are by no means apparent from the figures 
in the second column. These equivalent numbers are thus seen to have 
very great advantages and one may well inquire why they are not in 
use. The answer to this question seems to be merely that chemists 
began to report analyses another way and continued so long that nearly 
all experience is now founded on that way and it is therefore difficult 
to change. Nevertheless such equivalents are slowly coming into use. 
Their value both in interpretation and in calculation is so great that 
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something of their historical development and examples of their use will 
now be presented. 


The Use of Equivalents in Water Analysis 


51. So far as the author is aware, Von Than'! was the first to 
suggest the use of equivalents in water analysis, but the most compre- 
hensive employment of such numbers is that of Stabler” who used them 
in developing a scheme whereby an engineer with little or no chemical 
training could interpret a water analysis stated in the ionic form. 

52. Stabler called his equivalent numbers reacting values, and 
instead of obtaining them by dividing the parts per million of the an- 
alysis by the combining weights of the ions in question he multiplied 
the parts per million by a factor called the reaction coefficient of the 
ion. ‘This reaction coefficient which he called r was obtained by dividing 
the valence of the ion by its atomic or molecular weight. The coefficient 
for the sulfate ion, for example, is ~; = 0.0208. Multiplication by 
Stabler’s reaction coefficients is thus seen to be the same mathematically 
as dividing by the combining weights. 

53. Table VI below gives the reaction coefficients of the ions 
likely to appear in a water analysis. 


TABLE VI 


(Atomic weights of 1922) 


Reaction Reaction 

Positive or basic ions coefficient Negative or acid ions coefficient 
Aluminium, Al.... s..6 OF Litt Bicarbonate, HCO;..... 0.0164 
Galerima Careers ae 0.0499 Canbonate, COs. 2. 0.0333 
Fiydrogenwleen are 0.9921 Chlondes@ les wee eee 0.0282 
Tron (ferrous) Fe....... 0.0358 Nitrate, NOs. nee eee 0.0161 
Magnesium, Mg........ 0.0822 Sulfate iS Onan aeie seni 0.0208 
Potassiimy koa. ee 0.0256 ; 
SodKimenNaweecemee nee 0.0435 


According to Stabler the symbol of an ion with r prefixed means 
the reacting value of that ion; rCa = 5.52, for example, is read, the 
reacting value of Ca is 5.52. 


54. In Table VII below the complete calculations of the reacting 
values of the ions according to the analysis of sample No. 33, this Bulle- 
tin, is given in order to illustrate the use of reaction coefficients. It 
will be noted that this is the same analysis used in Table VII. 


“Sitzungsberichte der Kaiserl. Akad. der Wissenschaften (liens 51. 2nd Ab- 
theilung (1865), p. 347. 

Eng. News 60, 355 (1908). Also U. S. Geol. Survey Water Supply Paper 274, 
p. 165 (1911). 
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TABLE VII 
The calculation of reacting values from a typical analysis 


Analysis No. 33 


Parts per 
Constituents million Calculation Reaction values! 
Calton Case ths. yes 132 x 0.0499 6.57 Ca 
Magnesium, Mg........ 30 30 X 0.0822 2.47 rMg 
Soar, Nes suc vas ws 45 45 X 0.0435 1.96 rNa 
Carbonate COs. ack <5 289 Zoos x OLOsS3 4/3 3COs 
Chtornde Cl s. oo escs xc 98 98 xX 0.0282 Pa EAS 
Witrate.-INOss. J. 20 Pos 4 4 xX 0.0161 0.06 rNO; 
Nultste SO . ikke ss ek 141 141 X 0.0208 2935 O% 


55. Since in any compound the reacting value of the positive ion 
is equal numerically to that of the negative ion, the sum of the reacting 
values of the positive ions in a mixture of salts must equal the sum of 
the reacting values of the negative ions in the mixture. The accuracy 
of a water analysis can therefore be checked by the simple process of 
comparing the sum of the reacting values of the basic ions with the 
sum of those of the acidic ions. Stabler gives the following method for 
calculating the percentage error of an analysis on this basis. If rp is 
the sum of the reacting values of the positive ions, rn the sum of those 
of the negative ions, and e the percentage error, then 

rp—mrn 
e = 100 ———— 
rp + rn 


56. In making such a calculation iron and aluminium should be 
omitted because they are more probably present in the colloidal form 
than in combinations. The following quotation gives Stabler’s dis- 
cussion of the value of e: 


57. “Usually, with fairly careful work, e will not exceed 5 in numerical value 
for waters containing 100 or more parts per million of dissolved solids, and may gen- 
erally be expected to be 2 or less. A value of e in excess of 5 will indicate: (1) A 
blunder in analysis or calculation; (2) if negative, the presence of iron, aluminum, or 
some undetermined positive radicle; or (3) if positive, the presence of silicate or some 
undetermined negative radicle. Individual judgment must decide which of these 
causes of error is the most probable and reject the analysis or correct the form of state- 
ment in accordance with the magnitude and character of the error and the relative 
abundance of the radicles likely to be involved. The correction of an analysis in this 
manner is generally an unreliable makeshift if the error is large, but can occasionally 
be made with a high degree of probability.” 


18German chemists called these numbers ‘‘milligram equivalents” which nomen- 
clature was also used by Collins, Ind. and Eng. Chem. 15, 394 (1923). Stabler’s 
“reacting values” are, however, now so well established in America that there seems 
to be no good reason to change. 
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Graphical Methods of Representing Water Analysis* 


58. If strips of paper are cut in lengths proportional to the reacting 
values (53) of the ionic constituents of awater analysis, one strip for 
each ion, and if then these strips are laid in two rows, the acids in one 
and the bases in the other, a graphical representation of the equivalence 
of the ions according to that analysis will be obtained. Any one of 
the systems of pairing the acids and bases (70, 74, 76, 78) that are used 
in calculating hypothetical combinations can be followed, and a picture 
will thus be given of the relative amounts of the ions entering into each 
combination. One must not fall into the error, however, of supposing 
that the lengths of the coinciding portions of a pair of acid and basic 
strips represent the value of the salt that would be formed by such a 
combination. The length would have to be multiplied by the appro- 
priate factor from Table XI, 88, in order to obtain that value. 

59. The accompanying figure shows two arrangements of the 
reacting values of the analysis of sample No. 33. The first is according 
to the Illinois plan (70) and the second is according to a system that will 
give the maximum amounts of the most insoluble combinations. The 
inequality of length of the acid and basic row is due to the inevitable 
errors of an analysis. See 57 for a discussion of such errors. Collins® 
recommends that the errors of closure be distributed between the cal- 
cium and carbonate ions. In those analyses in which sodium or car- 
bonate is written in to make a balance (64,2), inequality of length in the 
graphical diagram never appears. 


60. In the figure, A shows that there is more than enough chloride 
1on to combine with the sodium and that the magnesium is equivalent 
to the rest of the chlorine, but is not enough to combine with all of the 


“The author is unable to give the originator of these methods. They were used in 
the Deutsches Baderbuch in 1907§which in turn gives references to other German 
sources as early as 1872. See also Collins, Ind. and Eng. Chem. 15, 394 (1923). 

*Collins, Ind. and Eng. Chem. 15, 394 (1923). 
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sulfate ion. A little of the sulfate must be paired with the calcium 
the remainder of which counts as carbonate. In B the pairing is done 
to show the possible amounts of insoluble material. 

61. Iron and nitrate are omitted because their amounts in this 
analysis are too small to be significant in a graphical presentation. 

62. If coordinate paper is at hand lines of appropriate length can 
be drawn almost as readily as strips of paper can be cut. 


CHAPTER IV 


CALCULATING HYPOTHETICAL COMBINATIONS 


63. Those who may have read Chapter III, which argues against 
the use of hypothetical calculations in the statement of a water analysis, 
may wonder why a chapter should now be given on the principles and 
methods used in making such calculations. The answer is simple. 
Many of those who use, and pay for, water analyses still demand the 
results in the form of combined salts, and practical chemists should 
therefore have a thorough understanding of the matter. Secondly, 
the older published analyses are all in this form, and to understand and 
interpret them demands a knowledge of how they were obtained. Fin- 
ally, hypothetical combinations may be used, and indeed are used by 
many chemists, merely as a method of interpretation, as, for example, 
when the calculations are intended to show what compounds will separate 
from the water when it is used in a steam boiler. (See 78.) This is a 
legitimate use of hypothetical combinations because they then express 
in a- brief and fairly well understood way the behavior of the water 
under a given set of conditions. ‘The author holds, however, that every 
such list of hypothetical combinations should be distinctly labeled as an 
effort to indicate the behavior of the water under the specified conditions 
so that it will not convey the idea that the combinations actually exist 
as such in the water, and that, therefore, no other combinations can be 
considered; and finally that all such interpretative combinations should 
always be accompanied by the ionic analysis. 


General Principles 


The acids will then be in excess of the ae and this excess is computed as soda 
ma 


and potassium salts. In other words, sufficient sodium is written into the analysis 
to combine with the excess of acid. ‘* 


2. All of the bases and all of the acids excepting carbonic acid are determined. 
The bases will then be in excess and this excess is computed as carbonate. In this © 
scheme sufficient carbonic acid is written in to combine with the excess of base. 


3. “All the bases and acids are determined and the figures representing the 
salts are doctored to balance.” 


'sDole, R. B., J. Ind. and Eng. Chem. 6, 710. 


a 


\ 


(28) 
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y also conceal errors of analysis in so far as such Pedlades aieke 
sclose them. 

66. A fourth method—a variation of No. 3—should be added, 
namely, one in which all of the acids and bases are determined and the 
calculated values of the salts are not doctored to balance. If this prac- 
tice is followed large errors of closure, failure to balance the amounts 
of the acids and bases as determined, will at least suggest errors in the 
analysis. (See 55 for method of calculating error of closure.) 

67. The actual systems followed in combining the acids and bases 
can be classified in various ways. In a general sense they fall into 
two groups, (1) those which pair the ions according to the way they are 
supposed to be combined in the water, and (2) those which aim to show 
how the ions will combine as the water is used, for example, when it is 

evaporated. This second group of systems, it is seen, is merely a 
, method of interpretation. For all practical purposes these two groups 
can also be described as (1) those in which the salts are so calculated 
as to give the most soluble ones, and (2) those in which the most insoluble 
compounds are calculated from the existing ions. Solubility, however, 
is a matter of conditions. For example, if a water evaporates at or 
below its boiling point calcium carbonate is the most insoluble sub- 
stance likely to form. On the other hand, at the temperature of a high 
pressure steam boiler calcium sulfate is more insoluble than the carbonate. 
Facts such as these explain in part at least the widely differing systems. 
68. The first of these two schemes is the logical one to use, for the 
calculation of a mineral analysis intended to show the medicinal value 
of a water. The second method is more commonly employed in indus- 
trial analyses, particularly in the case of boiler waters. Perhaps no one 
adheres strictly to computing the most soluble or the most insoluble 
f the possible combinations. The general schemes merely are followed. 
69. Certain miscellaneous points should be noted. Silica as a 
‘is not included in the combinations because it probably exists in 
water as uncombined silicic acid. It is put down as SiQ:. Some 
nists also do not combine iron and aluminium but report them as 
), and Al.O;. In many surface waters, at least, these-metals are 
resent as colloidal hydroxides. 
Some actual schemes for making hypothetical calculations will now 
_ be given by way of illustration. 


Method of the Illinois Water Survey" 


70. The basic and acid ions are combined according to the follow- 
ing table: 


“Bartow, Udden, Parr, and Palmer, Bulletin No. 3, Vol. 6, p. 38. 
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TABLE VIII 


The Illinois System of Combining Acids and Bases 


Basic ions Acid ions 

Potassiwim a. nick ie cose K Nitrousic.c: seni ereree: NO, 
SOdDUINEL SCPE Draenor Na INTEC. .c nec che eee eee NO; 
PNVGRERKOL AEDT oo Bo oulomente a NH, Chlotides ear ee ee Cl 
IMIPGSNESHEMTA cs pep cacan sc Mg Sulfateieis. cise mactacen eee SO, 
Calcinimiasans eae trae Ca Residual bases to carbonic. CO; 
IBeey eV ses ge Wetec Ga cecehee Ons I Fe 

FAllurminntunei arte cee Al 


71. In using this table one reads down the columns. Potassium 
is calculated as potassium nitrite. If there is any potassium in excess 
of that required to combine with the nitrous acid radical present, the 
excess is combined as nitrate; if there is still an excess, with the chloride 
ion as potassium chloride and so on down the acid column till all of the 
potassium is combined. Sodium is next combined with the acid left 
nearest the top of the column and so on. It will nearly always be the 
case in this plan that the basic ions will be in excess of the acid ions that 
are determined. Enough carbonic acid is then finally written into the 
analysis to combine with the excess of basic ions. 

72. Table 1X below shows an ionic analysis with the corresponding 
hypothetical combinations calculated according to this plan. The 
figures are those of sample No. 8817, page 88, of the Illinois bulletin 


referred to above. 


TABLE IX 


Example of a Calculation by the Illinois System 


Tons Hypothetical combinations 
RoOtassiuims eee ieee eee 9.8 Potassium nitrate...... SOS 
SOC TUM sel ial epee eee eee 66.6 Potassium chloride...... 18.2 
Ammonium, NHg........ .04 Sodium chloride......... 169.4 
Magnesium, Mg......... sh) Ammonium chloride. .... 0.1 
Galois Canaan Gil) Magnesium chloride..... 31.6 
INSaRo, Osho odctn cans 0.8 Magnesium sulfate...... 21.4 
INioratewIN Osu aeons ORS Magnesium carbonate.... 13.0 
ChloridevGlee anne NS} 535.0) Calcium carbonate....... 128.6 
WM hoy WKOV ano Mnctalooe oe eee Ferrous carbonate ....... 1.8 
STILCON EOIN ee Rear eee 4.8 Silica. S1 Os gegeeeeeee eee 10.3 


73. Since no nitrous acid was present in this water, the potassium 
was first calculated to the nitric acid and next to the hydrochloric. The 
large amount of chloride left required all of the sodium and ammonium 
and part of the magnesium to combine with it. The rest of the mag- 
nesium was calculated as sulfate. The sulfate ion was, however, in- 
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sufficient to combine with all of the magnesium left over from the 
magnesium chloride, and consequently the last portion was computed 
as Magnesium carbonate. Finally, enough carbonic acid anion (COs) was 
written into the analysis to balance the calcium and iron. Silica is 
left uncombined. 


Method of Bureau of Chemistry's 


74. This includes the ions usually determined if the medicinal value 
of the water is to be estimated. It is given here as a matter of interest 
rather than for its industrial application. 


75. “In calculating the hypothetical combinations of these acid and basic ions, 
sodium is joined to nitrous and nitric acid, potassium to iodin and bromin, calcium 
to phosphoric acid, and sodium to metaboric acid. The residual basic ions are then 
assigned in the following order—ammonium, lithium, potassium, magnesium, calcium, 
manganese, iron, and aluminium, to the residual acid ions in the following order— 
chlorin, sulphuric acid ion, and bicarbonate acid ion. In case the bicarbonic acid ion 
is not present in sufficient quantity to join with all the calcium, the residual calcium is 
joined to silica to form calcium silicate, and manganese, iron, and aluminium are cal~ 
culated to the oxids, Mn3Qx, FeoO3, and AlsOs respectively.” 


Method of Hale} 


76. Hale’s method assumes that calcium carbonate is the most 
insoluble one of the possible combinations of the ions in a water and is, 
therefore, the one that will precipitate first—with calcium sulfate com- 
ing next—when the water is evaporated. This necessarily assumes 
that the water is evaporated at a temperature not much higher than 
100° C. At the higher temperatures of a boiler calcium sulfate is more 
insoluble than calcium carbonate. 

77. Hale’s system of combining the ionsycan be expressed as 


follows (71): 


Ca CO; 

Mg SOx, 

Na Cl 
NO; 


Method of French*® 


78. French, out of a wealth of experience in interpreting industrial 
water analyses, follows a system which aims to show what compounds 
precipitate when the water is evaporated in a steam boiler. 


~~ 18H ayward, J. R., Mineral Waters of the United States, Bull. 91 (1905). 

lHale, J. A. C. S. 29, 1078 (1907). , ; 

French, D. K., Scott’s Standard Methods of Chemical Analysis, 3rd _ed., Vol. 
II, 1440. The phraseology of French’s method as given here is different from that 
in Standard Methods cited above. The changes were made largely to bring the matter 
into conformity with the rest of this Bulletin and are the result of correspondence 


with Mr. French. 
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79, If the sulfate and carbonate ions (SOs.+COs) are more than - 
enough to combine with the calcium and magnesium, that is, if rSOs+ 
rCO; is greater than rCa+rMg (53), the combinations are calcu- 
lated as follows (71): 


Mg CO; 

Ca SO, 

Na Cl 
NO; 


80. If the sulfate and carbonate ions are not sufficient to combine 
with the calcium and magnesium, that is, if rSO4+rCOs; is less than 
rCa+rMg, two cases may arise. 

(a) The sum of the acid ions, CO;3, SO, Cl, and NOs, calculated 
as calcium salts, is materially larger than the total solids dried at 270° F. 
(132° C.). In this case the combinations are calculated according to 
the scheme: 


Ca SO. 

Mg CO; 

Na NO; 
Cl 


(b) The sum of the acid ions calculated as calcium salts as in (a) 
is materially less than the total solids dried at 270° F. (132°C.). This 
situation suggests a water of unusual composition and calls for more 
analytical work before a logical calculation of the combinations can be 
made. 


Notes 


81. In the above cases correct analytical work is assumed. The same situa- 
tions may of course be created by mistakes in analysis. It is also assumed that the 
nitrate ion is included in the analysis. Its omission, however, would not affect cases 
79 or 80 (a). Case 80 (b) would result if much nitrate were present but not included 
in the analysis. 


82. The situation in case 80 (a) would result from the presence of magnesium 
nitrate or chloride. These salts decompose with loss of acid during the evaporation 
and drying of the residue, which is then lighter than the composition of the water 
would indicate. The calculation as calcium salts is made because the combining weight 
of calcium, 20, is near the average of the combining weights of calcium, magnesium, 
and sodium, the three metals in the water in any quantity. This average is 18.4. The 
difference of 1,6 is a fair weighting to allow for the fact that calcium is usually present 
in largest amount. 


83. The chemical factors in Table X will be found convenient for the calculation 
of hypothetical combinations from the analyses in this Bulletin. See, however, the 
rapid method of calculation in sections 84 to 98 inclusive. 
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TABLE. X. 
Chemical Factors 


(Atomic weights of 1922) 


Given Sought Factor Logarithm Given Sought Factor Logarithm 
Car Seach 2.7699 .44246 Cl CaCl, 1.5650 ,19451 
Gar Caco, 2.4975  .39750 Gl KCl 2.1027, S227 
Ca  Ca(HCOs). 4.0453 .60695 Cl MeCl 1.3429 .12805 
Ca Ca(NOs)2 4.0950 .61225 Cl NaCl 1.6486 e207 12 
Ca  CaSQ, s.a973 53114 GO; ‘CaCO; 60K) eee ls 
Fe FeCQs 2.0746 .31693 CO; FeCO; 1.9306 .28569 
Fe Fe(HCOs).2 3.1852 .50315 CO; K2COs 2.3082, “36234 
Fe FeSO, 2.7203 .43461 CO; MgCO; 1.4053 .14777 
K KCl 1.9069 .28033 CO; NazCOs 1.7666 .24714 
K K.CO; 1.7673 . 24732 HCO; Ca(HCOs3)2 1.3284 a2 352 
K KHCO; 2.5604 .40831 ¢ HCO; Fe(HCOs)2 1.4578  .16370 
K KNO; 2.5859 .41261 HCO; KHCO; 1.6408 . 21507 
K K.SO, 2.2284 . 34799 HCO; Mg(HCOs)2._ 1.1993 .07893 
Mg MgCl, 3.9161 .59286 HCO; NaHCO; 133770" 2.13893 
Mg MgCoO; 3.4674  .54000 NO; Ca(NOs)s 13230) We e12159 
Mg Mg(HCOs), 6.0176 .77942 NO; KNO; 1.6306 .21234 
Mg Mg(NOs)2 6.0994 .78529 NOs Meg(NOs)2 1.1961 .07777 
Mg MgSO, 4.9498  .69460 NO; . NaNO; 13 L090 ls. O 
Na NaCl aay 3 Wf .40513 DO, Caso; 1.4172 .15142 
Na Na:CO; 2.3045 - 236257 SO, FeSO, {258137 ~ 219902 
Na NaHCO; 3.6527 . 56262 SO, K.SO, 1.8141 . 25866 
Na NaNO; 3.6960 . 56773 SO, MgSO, 12532 . 09802 
Na NaeSOx 3.0882 .48971 SO, NasSO, 1.4789 . 16993 


Rapid Method for Calculating Hypothetical Combinations”! 


84. The tedious calculations involved in computing hypothetical 
combinations can be much shortened and made into a routine procedure 
that can be used by a person without chemical training, for example, 
an engineer who might want to know the amounts of calcium sulfate, 
etc., corresponding to one of the analyses in this Bulletin. 

85. The method consists in calculating the reacting values (53) and 
then breaking up the numbers so obtained into portions according to 
the amounts to be used for the different combinations. If, for instance, 
the reacting values obtained from an analysis are, 


Geilvea inal Copel € Os) (eee a 6.57 
(arpondte ton (COs) ne. aces. 300 4.73 
Sultate TOn(S Os) asus. eee daee es 2.93 


The author believed for a time that he was the originator of the method of calcu- 
lating given below but later learned that Dr. Collins and others had used it 10 to 12 
years ago in the Water Laboratory of the Bureau of Chemistry but had never pub- 
lished it. 


2—G. 8. 
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and the system of pairing the acids and bases (70, 74, 76, 78) consists 
in combining the calcium first as carbonate and secondly as sulfate, 
the reacting values would be compared and broken up as described 
below. Before proceeding with details, however, a general principle 
must be emphasized. The reacting-value units are exactly the same 
for all ions, and therefore if a given portion of the total reacting value 
of one ion is used in calculating a combination with another ion, the same 
numerical amount of the reacting value of that other ion is also used. 
For example, if the reacting value of the carbonate ion in an analysis 
is 4.73, it will combine with 4.73 of the reacting value of calcium, etc. 

86. By noting that the value for the calcium in 85 above is greater 
than that for the carbonate ion, it is seen at once that all of the carbon- 
ate is to be combined as calcium carbonate and that there will be calcium 
left over to combine as sulfate. The portion of the reacting value of 
the calcium that combines with the carbonate is the same as the reacting 
value of the carbonate ion, or 4.73. The portion left to combine with 
the sulfate ion is then 6.57—4.73 or 1.84. Since the reacting value of the 
sulfate ion is larger than 1.84, it is at once seen that all of the calcium 
not combined* as carbonate will be used in combining it as sulfate. 
Indeed, there will be 2.93—1.84 or 1.09 of the reacting value of the 
sulfate left to be combined with the same reacting value of something 
else. The reacting value of calcium, 6.57, is thus distributed so that 
4,73 is used to form carbonate and 1.84 to form sulfate. There remains 
now the method of calculating the parts per million of calcium car-— 
bonate and calcium sulfate corresponding to these portions of the re- 
acting value of the calcium. 

87. Since the reacting value of an ion is found by multiplying 
the parts per million as given in the analysis by a factor, it is obvious 
that the process can be reversed, and by dividing the reacting value of 
an ion by the factor the parts per million will be obtained. This will 
apply to a portion of the reacting value equally as well as to the whole 
value, and if in the above illustration, in which the reacting value of 
calcium, 6.57, is broken up into two portions, 4.73 to be calculated as 
carbonate and 1.84 as sulfate, the parts per million of the calcium to 
be used as carbonate can be found by dividing 4.73 by 0.0499, the 
reaction coefficient. The amount of calcium so obtained could then be 
multiplied by the appropriate chemical factor, which is 2.4975, in order 
to find the corresponding amount of calcium carbonate. In a similar 
way the amount of calcium sulfate is found by dividing 1.84 by 0.0499 
and multiplying by 3.3973, the factor for calcium sulfate from calcium. 
In practice, however, the two operations, dividing by the reaction co- 
efhcient and multiplying by the chemical factor, can be combined into 
one. The chemical factors are divided once for all by the reaction 
coefficients. In this way there is obtained a new set of numbers which 
may be called combination factors. They are factors for obtaining 
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directly from the reacting values the parts per million of the desired combina- 
tions. ‘The combination factor for calcium carbonate, for example, 
is found by dividing 2.4975 by 0.0499. When properly rounded off this 
is 50.0. In the illustration above, then, 4.73, the reacting value of 
the calcium distributed to carbonate, is multiplied by 50.0 to get the 
parts per million of calcium carbonate. 


88. A table of combination factors suitable to use with the an- 
alyses of this Bulletin has been computed and is given below. 


TABLE XI 


Combination factors for calculating parts per million of hypothetical 
combinations from reacting values 


Given Sought Factor 
rCa or rCOQO; CaCO; 50.0 
ee TOs CaSO, 68.1 
es er kot CaCl. 55.5 
a INO: Ca(NOs)2 82.0 
rMg “ rCO; MgCO; 42.2 
Pet Os MgSO, 60.2 
Jaa =O | MgCl 47:6 
See EE NOE Meg(NOs)o 74.2 
rNa “ rCQ; NazCO; 53n0 
CES SSO NaSO, 71.0 
meas «6 | NaCl 58.5 
ee ee rNO; NaNO; 85.0 


Examples illustrating the use of this table: 


rea >< 50:0'=p:p.m. CaCO; 
rCO; K 50.0=p.p.m. CaCO; 
moa > 66.) —p.p.m, CasO, 
rSO, X 68.1=p.p.m. CaSO. 


89. It should be observed that to obtain the parts per million of 
any compound the reacting value of either of its ions may be multiplied 
by the combination factor. This follows from the fact that the reacting 
values of the two ions of a compound are necessarily equal numerically. 


90. It is also interesting to observe that the combination factors 
can be calculated by adding the combining weights of the ions of the 
compounds. For example, the factor for sodium sulfate is 23448 =71. 
In the table the values are rounded off in the first decimal place, which 
gives ample accuracy for a water analysis calculation. 


91. An example of the complete calculation of an analysis will 
now be presented in Table XII. Each step is indicated and additional 
explanatory notes are appended. 
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TABLE XII 


Example of scheme for calculating hypothetical combinations from 
reacting values 


Patten 
I II Ill IV 
System of Analysis. Calculation of Reacting 
distributing Parts per the reacting value 
bases and mill. of value. Parts 
acids ions per mill. X r 
CO; to Ca CO; 142 142 0.0333 rCO; =4.73 
Excess Ca to SO, Camis2 132 & 0.0499 Leal —6-on, 
Excess SO, to Mg SO, 141 141 < 0.0208 ES Og—2eos 
Excess Mg to Cl Mg 30 30 & 0.0822 rMg =2.47 
Excess Cl to Na Gil 98 98 X 0.0282 TOlee—2aiG 
NO; to Na NO3 4 4 < 0.0161 rNO;=0.06 
Na 45 45 x 0.0435 rNa =1.96 
Part 2 
Vv VI VII 
Distribution of Calculation of Parts per 
reacting values parts per mill. million 

of combination hypothetical 

in Column VI combination 

4.73rCO3 as CaCO; 4,73) < 5000 =237/ CaCO; =23i7 

6.57—4.73=1.84rCa as CaSO, 1GS45 ose tees CaSO, =125 

2.93—1.84=1.09rSO, as MgSO, 109 <60 52) — 266 MgSO;= 66 

2.47—1.09=1.38rMg as MgCl, 138.544 /,6— 666 MgCl. = 66 

2.76—1.38=1.38rCl as NaCl 138 DC Seo N2Cia—ssi 

0.06rNO; as NaNO; OE SS OS 5 NaNO; — a5 


1.96—(1.38+0.06) =0.52rNa in 


excess 


Explanatory Notes on Table XII 


92. Column I shows the system followed in combining the acids and bases 
(70, 74,76,78). 


93. Column II merely gives the analysis of the water. 


94. Column III gives the complete calculation of the reacting values shown in 
Column IV. The factors or reaction coefficients used in III are taken from Table 


Wily (6% 


95. Column V gives the method of distributing numerically the reacting values 
according to the combinations sought. The reasoning according to which the opera- 
tions of this column are determined is as follows: 


96. On turning to Column I of the table it is seen that the COs is to be combined 
with the Ca, and therefore the reacting values of the two ions are inspected and it is 
observed at once that rCO; is much smaller than rCa and therefore rCO; may all be 
calculated as CaCO;. This will use 4.73 of the 6.57 of the Ca; therefore the difference, 
(6.57—4.73) or 1.84, is that part ‘of the reacting value of the Ca which can be used in 
the next combination, the CaSO,. Before calculating it as CaSO, however, one 
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must inspect the reacting value of the SQ, ion to see if it is as large as 1.84. Since it 
is 2.93 all of the 1.84 rCa is calculated as CaSOy. This leaves, however, an excess of 
rSO, over that required for the 1.84 rCa and this excess (2.93—1.84) or 1.09 rSQ, is to 
be combined with Mg. Since rMg is 2.47 there is more than enough Mg and there- 
fore the 1.09 rSQ, is all calculated as MgSOy. This of course consumes an equal amount 
of rMg or 1.09 rMg which next must be subtracted from the original rMg to give the 
amount to be combined as MgCl. This is (2.47—1.09) or 1.38 rMg. This much 
rMg consumes in its turn the same amount of rCl or 1.38 rCl which then must be 
subtracted from the total rCl to obtain the portion to be combined as NaCl. Since 
rNa is larger than the rCl thus obtained there is some Na left over. A little of it is 
combined with the NOs but there still remains 1.96—(1.38+0.06) or 0.52 rNa in ex- 
cess. This is the error of closure of the analysis. When calculated according to 
Stabler’s formula, (55), it is found to be 2.4 per cent and therefore not excessive. 

97. Column VI merely indicates the multiplication of the distributed reacting 
values by the combination factors, and Column VII gives the final values of the desired 
combinations in parts per million. 

98. Beginners in the use of this new scheme for calculating hypothetical com- 
binations will do well to follow the sequence of operations indicated in the table above. 
It is particularly important that the matter of Column I be recorded first since it 
determines the rest of the operations. The order in which the ions of the analysis 
are recorded in Column II should be related to Column I as shown. 


CHAPTER V 


METHODS OF CHEMICAL ANALYSIS” 


99. Of necessity this chapter describing the chemical methods 
employed is technical in character and therefore will be of interest to 
chemists only. The methods are given with some detail and to a 
certain extent in the style of a textbook. For this the author makes 
due apology to those of his brother chemists who are experienced in 
water analysis. He trusts that they will not try to read them. There 
are, however, in Ohio many chemists whose duties are quite apart from 
the chemical technology of water and whose experience along that line 
is limited. It is these chemists nevertheless who are in the best position 
to see and to suggest improvements in the use and treatment of the 
water of their plants, and, therefore, because of their strategic position 
the methods have been in large part written for them. 

100. The rapid volumetric and colorimetric processes of analysis 
were used instead of the slower and more accurate gravimetric ones 
because the information wanted was of a general nature only. This 
choice was also consistent with the fact that as a rule only one sample 
from a given supply could be taken and it would therefore have been a 
waste of time to have striven for an accuracy that was within the usual 
variations of the waters themselves. In the selection of the individual 
methods, the guiding principles of relative accuracy, time required, and 
adaptability to the peculiarities of Ohio waters, were followed. No 
attempt was made to devise new methods, but considerable experimental 
work was done in connection with some of those employed in order to 
learn the best conditions for waters of the sort under examination. 
Some of this experimental work is given in its appropriate place under 
the individual methods. 


Sampling 


101. The samples were taken by Mr. DeLong, the assistant chem- 
ist, and sent to Columbus in two-quart glass bottles closed with clean 
corks. At first a number of glass-stoppered bottles were used, but this 
was soon given up on account of breakage and the glass stoppers were 


_ “Only those chemical methods which were used in making the analyses published 
in this Bulletin are given, Chemists who do much industrial water analysis should 
by all means have Standard Methods for the Examination of Water and Sewage, pub- 
lished by the American Public Health Association. The following books contain 
chapters or sections on water analyses: Scott’s Standard Methods of Chemical Analy- 
sis, 3rd ed., D. Van Nostrand; Lunge-Berl, Chemisch-technische Untersuchungs 
Methoden, 7th ed.; Parr’s Analyses of Fuel, Gas, Water, and Lubricants, 3rd. ed., 
McGraw-Hill. % 


(38) 
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replaced by corks. The usual amount of sample from one well was 
one bottleful or two quarts. Precautions were used so that a repre- 
sentative sample of the supply was obtained and not one affected by 
long standing in the pipes of a pump or by some other plan of handling 
the water. Strong wooden boxes divided by thin partitions into six 
compartments were used for shipping the bottles. ‘These boxes were 
provided with hinged lids that could be closed and locked with a padlock. 
The experience of a year and a half and the collecting of hundreds of 
samples proved this to be a safe and easy method of handling the bottles. 
A few waters that were sent to the laboratory in jugs were transferred 
to glass to await analysis. 


Physical Examination 


102. The physical examination was purely qualitative. Tur- 
bidity, color, sediment, and odor were noted, but no attempt at quantita- 
tive representation was made. The presence of hydrogen sulfide was 
noted in this way but its amount was not determined. 


Method of Reporting Results 


103. Water analysis results are usually reported either as parts 
per million by weight or as grains per United States gallon.?? The 
density of the water is assumed to be | so that milligrams per liter are 
equivalent to parts per million. Grains per gallon are found by multiply- 
ing parts per million by 0.05834. In many early reports of water 
analysis in this country results will be found as parts per 100,000. % For 
the reasons advanced in Chapter III, the analyses in this Bulletin are 
given in parts per million of the constituent ions. As a matter of 
convenience for those who are more familiar with grains per gallon each 
analysis is also stated in that way. 


Carbon-Dioxide-Free Water 


104. Industrial water analysis demands such large quantities of 
carbon-dioxide-free water that the usual method of preparing it by 
boiling ordinary distilled water is too tedious. It is best therefore to 
remove the carbonic acid by bubbling carbon-dioxide-free air through 
the water. In the Survey laboratory a five-gallon bottle placed on a 
high shelf above the work table was equipped with rubber and glass 


23There is an extensive literature of water technology from the British Possessions 
in which “gallon” means the English or imperial gallon which is larger than the United 
States gallon. zie 

Grains per United States gallon multiplied by 1.2003 equals grains per English 
gallon. ’ a ; 
Grains per English gallon multiplied by 0.8331 equals grains per United States 
gallon. 
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tubes in such a way that (1) it could be conveniently filled with dis- 
tilled water where it stood; (2) by connecting with a suction pump a 
current of air could be bubbled through, the air being first drawn through 
a soda-lime tower about an inch in diameter and 15 inches high; and 
(3) by a change in the connections, water could be siphoned from the 
bottle, the entering air being kept free from carbon dioxide by passing 
through the same soda-lime tower. It was found, by passing the air 
at such a rate that the ascending bubbles could just be counted, that 
two hours was a sufficient time to reduce the carbon dioxide concentra- 
tion to such a point that 50 cc. of the water on being treated with phenol- 
phthalein would give a pink color with one drop of 0.1N alkali solution. 


Determination of Free Carbon Dioxide 


105. The uncombined carbon dioxide in a water may be looked 
upon as free carbonic acid, H2CO;. It can be determined by titration 
with sodium carbonate with phenolphthalein as indicator, the reaction 
being 

H.C Ox +Na2CO3 =2N aHCO3 


106. Solutions.—(1) N/22 Nas:CO3. Pure sodium carbonate is 
dissolved in carbon-dioxide-free water at the rate of 2.409 g. per liter. 
The sodium carbonate should be prepared by drying the best sodium 
bicarbonate to constant weight on a sand bath, taking care, however, 
not to let the temperature rise above 270° C. Instead of using carbon- 
dioxide-free water the carbonic acid in ordinary distilled water can be 
destroyed by slow addition of sodium carbonate till a permanent pink 
color is produced with phenolphthalein. The carbonate reacts with 
the carbon dioxide in the water to form sodium bicarbonate which has 
no effect on the subsequent operations. A quantity of phenolphthalein 
may be added directly to the water to be treated. The standard solution 
made by dissolving pure sodium carbonate in this water will have the 
red color of the indicator but this will in no wise interfere with its use. _ 
The solution should be used with the burette connected in closed system 
with the stock bottle and be protected by a soda-lime guard tube from 
the carbon dioxide of the air. 

107. In field work N/11 NasCOs is preferable to the more dilute 
solution because less is required for a titration and a shorter burette 
may be used. The results are fully as accurate as with the N/22 solution 
since the end point is sharper. 

108. Procedure.—The first portion of water taken from the 
sample bottle should be that for free carbon dioxide. It is drawn from 
about the center of the bottle by means of a siphon and delivered into 
the bottom of a Nessler tube (109), 100 cc. being used. Phenolphthalein 
is then added and the titration made at once with N/22 sodium carbon- 
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ate solution. Stirring should be done by gentle churning with a long 
glass rod bent ring-shaped at the end used in the water. The volume 
of N/22 NasCO; solution multiplied by 10 gives the parts per million 
of free CQ. 


Notes 


109. The method of siphoning from below the surface of the water in the large 
sample bottle and delivering the stream directly at the bottom of the receiving vessel, 
thus allowing the water to fill up quietly around the end of the siphon, was found to 
be the one best calculated to avoid loss of carbon dioxide. The least splashing or pour- 
ing through the air will cause carbon dioxide to escape. 

110. The main difficulty in determining free carbon dioxide lies in sampling. 
If the water is in a quiet pool so that a sample can be taken from below the surface, 
accurate and reproducible results can be obtained, but if, as was the usual case with 
the water analyzed by the Survey, a small stream from a pump or water-pipe is the 
source of the sample, concordant results can not be expected. 

111. During the first part of the work the determination of free carbon dioxide 
was made in the field with a portable outfit for titration because of the loss of gas that 
was believed to take place by transporting samples to the laboratory. This plan 
would perhaps have been continued to the end had not a series of experiments been 
made to determine the magnitude of this loss. The results of these experiments are 
as follows: 


Serial No. of water Celis) 9 105862 * 6) x60) 2500 47 
Parts per mill. CQO, determined in 
TEE 1 ae 0 eee aves hers ene ete BS) ee elie week, Saal Ose la (Obes 
Parts per mill. CQ, determined in 
SS THES eee er eee AQ) 34 285 43 00) 19" 16 6 14 


112. Since the whole point in making the determination in the field is to avoid 
loss due to carrying a sample to the laboratory, the outcome of these experiments was 
both surprising and disconcerting, for in the majority of the cases the laboratory sample 
had more carbon dioxide than was found in the field. The explanation of this cost some 
work because it was obscured by the suggestion that the field sample was a better one 
than that sent to the laboratory. Experiment, however, showed that the contrary 
was true, the reason being that there was relatively less splashing effect in the taking 
of the two-liter bottleful than in the 100 cc. portion. 

113. This effect of splashing or falling in a stream through the air is well shown 
by the following experiments. A five-gallon bottle was filled with Columbus hydrant 
water and carbon dioxide bubbled through it for some minutes. The whole was then 
mixed and portions taken out for titration as listed below. Nessler tubes holding 
100 cc. were used as titrating vessels. They were filled by siphoning as described in 
109. This method is referred to below in the phrase ‘‘filled from bottom.” 
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TABLE XIII 
Results of titrating carbon dioxide as described above 
No. of Vol. N/22 
experiment Method of filling 100 ce. Nessler tube Na2COs 
1 Filléd fromvbott omiciess fe ot oe eked tee ee meee 4.6 ce. 
2 a s LE ee IRE EE a HAG cunt ct ooo 0.8 4.5 
3 s a LO hats Stent wtine os ROO ee 4.6 
4 iy os Cee eo ataete het ts a Situs GEO RAL eee 4.6 
5 Billed@withisplas hin pie sc cleeesecen cia cretion kat ete ee 4.1 
6 Samecas Niowt5s vu.) actdkocles caites cave ciepale Sree Oa eee 4.1 
7 Filled:from: bottom... 2.0) jecace oe eee ee eee 4.5 
8 Filled by holding finger over lower end of siphon to cause 
Stheany CONS QUITE OU tacyoti es ar a Oe eee ee ee 3.6 
9 Same astNios B34 tax i be avn ee ne Bal 
10 Filled fromebottoms 3s: 2% 22 thoes oe oe eee eee 4.6 
11 Filled by having lower end of siphon on level with top of 
Nessler tube:.cie ght see ee aren Oe Oe eae 4.2 
12 Filled by letting stream from siphon fall 42 inches.......... Jess 
13 Filled: fromabottomis.44 cee aoe eee eee 4.6 
14 Six 100 cc. tubes filled from bottom and allowed to stand 
exposed to air but without agitation 
14.1 After standings] Osminutes sania ene e terete 4.4 
14.2 a = 5 a ere heat PEIN) Mel Re 4.4 
14.3 oc ss 20 Sei Cri cost aA ae ee ee 4.4 
14.4 & SS 25 SO ey, AER RS eR NT ee 4.4 
14.5 ce os 30 SG aoa ee Cee dha AON Ee ee 4.4 
14.6 ee ca 35 Bn oh aes ae ee ee 4.3 
15 Filledsfronmbottomin. >. ta. c04e0n eee ee eee 4.5 


114. Experiments were also made to show the effect of allowing 
the water to stand in the laboratory in the 2-liter sample bottles when 
they were filled to the top excepting an air space of about 20 cc. under 
the cork. Water from the carboy as described above was used. It 
was filled into the 2-liter bottles from the bottom up and was titrated 
immediately before the filling. After standing, the bottles were opened 
and 100 cc. portions were siphoned out for analysis. The original water 
in bottle No. 1 contained 46 parts per million carbon dioxide and after 
19 hours two titrations showed 44 and 43 parts respectively. Bottle 
No. 2 contained 44 parts of carbon dioxide and after 43 hours standing 
this had fallen to 42 parts. Bottle No. 3 fell off in 11 days from 44 parts 
to 40 parts. These losses are much smaller than the differences between 
the field and laboratory results as shown in paragraph 111. The case, 
however, is different if the bottle is not full. The sample for carbon 
dioxide must be the first one withdrawn because experiments showed a 
serious loss from the water in bottles which stood for a day or so after 
portions had been taken out for other analyses. 

115. After the effect of splashing had been studied, efforts were 
made to devise a method that would avoid the trouble while taking the 
sample. Rubber tubes of different sizes were carried to be attached 


METHODS OF CHEMICAL ANALYSIS 43 


to the water outlets encountered so that the 100 cc. Nessler tube could 
be filled from the bottom. The water outlets, however, varied so much 
that this plan was given up and the idea of the field analysis was finally 
abandoned altogether. Since the experiments of Table XIII above 
showed that the loss was relatively less with the larger sample in the 
larger bottle this was the only one taken and the free carbon dioxide 
was determined in the laboratory. In taking the 2-liter sample, splash- 
ing was of course avoided as much as possible. 


116. The suggestion naturally arises that the higher content of carbon dioxide 
in the large laboratory samples might have been due to a partial decomposition of the 
bicarbonates. This hypothesis, however, does not seem tenable on theoretical grounds 
and furthermore a deposit of calcium carbonate was not observed. Finally it should 
be said that no claim is made here that the samples taken as described above are per- 
fectly accurate. They are merely more accurate than the 100 cc. field samples were 
and are sufficiently accurate for the purposes of the Survey. 


Hardness 


117. From the facts outlined in paragraph 256 it is seen that the 
total hardness of a water is measured by the concentration of calcium and 
magnesium, independent of the negative elements or radicals in com- 
bination with them, but that the nature of the hardness, whether it is 
_ the carbonate or non-carbonate variety, is due to the character of the 
negative elements combined with these metals. Combinations with 
the bicarbonic acid radical, Ca(HCO;)o and Mg(HCOs)2, produce 
the carbonate or temporary hardness and all other combinations, the 
most common being the sulfates, chlorides, and nitrates, give rise to 
non-carbonate or permanent hardness. 

118. Since all of these combinations commonly exist together in a 
water, the chemist’s problem is to find methods for the following: 
(1) The determination of total calctum and magnesium. (2) The de- 
termination of the calcium and magnesium present as bicarbonates. 
(3) The determination of calcium and magnesium in combinations 
other than as bicarbonate. On the assumption that all results will 
be calculated to the common basis of equivalent concentration of cal- 
cium carbonate (125) it is obvious that if any two of these three values 
are known the third can be found by simple addition or subtraction. 

119. The most accurate method for obtaining the total hardness 
is by gravimetric determinations of the calcium and magnesium. This 
is, however, seldom used in routine water analysis because of the time 
consumed but it should be emphasized that it is the court of last resort 
and should be employed in cases of doubt or where the results obtained 
by other methods are peculiar in any way. The volumetric estimation 
of the calcium and magnesium can be considered next in point of accu- 
racy and is the method finally adopted by the Survey. 
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120. Another commonly employed volumetric scheme consists in 
precipitating the calcium and magnesium together, with an excess of a 
standard alkaline solution, the so-called “soda-reagent.’’ ‘The excess 
of this reagent which remains unacted upon by the calcium and mag- 
nesium is then determined by titration with standard acid. This plan 
has the advantage of determining the two hardness-forming metals 
together as a unit which is sufficient for many purposes. In water 
softening operations, however, and as an aid in interpreting the results, 
it is necessary to know the total magnesium by itself; consequently 
the plan has no advantage over the separate determinations of calcium 
and magnesium and, it should be added, is not so accurate. 

121. The oldest method for determining total hardness takes 
advantage of the effect of the dissolved calcium and magnesium salts 
on soap. Since hard water destroys soap and prevents the formation 
of a lather, the suggestion came early to measure the degree of hardness 
by titrating the water with a standard soap solution, taking the appear- 
ance of a permanent lather as the end-point. This has the advantage 
of simplicity and in the case of relatively soft waters and especially with 
those containing little or no magnesium salts, it may be called a good 
method. With very hard waters high in magnesium it is unreliable 
and should not be used. 

122. For distinguishing the carbonate from the non-carbonate 
hardness two general plans are in use. (1) The bicarbonates are de- 
composed by boiling, carbon dioxide being lost and the normal carbon- 
ates precipitating according to the reactions, 


Ca(HCQs)2 =CaCO;+CO.+H:20 
Mg(HCOs)2= MgCO;+ CO2+ H20 


The precipitate can be filtered off and analyzed for calcium and 
magnesium or these metals can be determined in the filtrate and their 
amount, calculated as calcium carbonate (125), subtracted from the 
total hardness. (2) The bicarbonates are titrated with a standard 
acid. Both methods are open to criticism though the second one has 
better standing than the first. Owing to the fact that calcium carbon- 
ate is more insoluble than magnesium carbonate, the latter does not 
precipitate to any great extent on boiling the water if there is present an 
excess of a soluble calcium salt like the chloride or sulfate (497). 

123. The objection that can be made to the titration of the bicar- 
bonates with standard acid is that such a titration really measures the 
total alkalinity of the water and since ground waters containing an excess 
of sodium bicarbonate are frequently encountered, and in the examina- 
tion of softened waters, alkalinities due to excess of lime or soda ash 
are not uncommon, serious error might result. This situation is dis- 


cussed in paragraphs 164, 165, and 166. 
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124. In the analytical work of the Survey the “soda-reagent” 
method for total hardness was used at first, more as a matter of habit 
than for any other reason. A separate determination of magnesium 
was made and the calcium was obtained by subtracting the magnesium 
from the total hardness. After some time, however, it was realized 
that a separate determination of calcium could be made in even less 
time than was required for the total hardness, and since the results were 
more accurate the change was made. The soda-reagent plan, however, 
is described because it was employed during the first part of the work. 


125. Hardness from whatever cause is reported in terms of calcium 
carbonate. This means that both magnesium, and calcium salts are 
calculated as the equivalent amount of calcium carbonate. For example, 
if a water contains 75 parts per million of magnesium the corresponding 
amount of calcium carbonate can be found by the following equation: 


24.32 (At. wt. of Mg.) : 100.07 (Mol. wt. of CaCOs) : : 75 : X(pts. per mill. of 
CaCQs). 


126. In addition to parts per million, hardness is also given in 
grains per U. S. gallon or in certain arbitrary units called degrees. Of 
these latter, the English or Clark degree is equivalent to one grain of 
calcium carbonate per English gallon; the French degree equals one 
part of calcium carbonate per 100,000, and the German degree is one 
part per 100,000 of calcium oxide, CaO. Parts per million multiplied 
by 0.07 equals Clark degrees; by 0.1 equals French degrees; and by 0.056 
equals German degrees. i 


Determination of Magnesium 


127. Solutions.—(1) Lime water. An excess of slaked lime 
should be shaken with the desired volume of water till the saturation 
point is reached. This mixture is then allowed to settle and the clear, 
supernatant liquid siphoned into a clean bottle. To prevent a possible 
precipitation of calcium hydroxide, due to changes in temperature, 
10 cubic centimeters of distilled water is added for each liter of lime 


solution. 
(2) Standard acid. 0.05N HCl or H2SO, (See 132). 


128. Procedure.—One hundred cubic centimeters of water is 
measured into a 200 cc. graduated flask and titrated with hydrochloric 
or sulfuric acid with methyl orange (135) as indicator. When the 
end-point is reached the liquid in the flask is boiled for 15 minutes to 
expel carbon dioxide, and then to the hot solution 50 cc. of lime water is 
added (136). The flask is next stoppered and the contents mixed and 
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cooled to room temperature, after which carbon-dioxide-free water 1s 
filled in to the mark and a final thorough mixing given. If the pre- 
cipitate produced by the lime water does not settle readily, the flask 
should be set on the water bath for 10 minutes. If this is done the 
liquid is next allowed to cool till the meniscus is again at the mark, 
when 100 cc. is pipetted out and the excess of lime water determined by 
titration with standard acid with methyl orange as indicator. 


129. At the same time that the analysis is being carried out the 
relation between the lime water and the standard acid is determined 
in another flask by “running a blank.’’ A good procedure is to start 
with about 100 cc. of ordinary distilled water, boil it 15 minutes, and then 
add the measured portion of lime water. After cooling the mixture to 
room temperature, carbon-dioxide-free water is added to the mark, and 
after mixing, 100 cc. is pipetted out and titrated. 


130. If A equals the cubic centimeters of 0.05N acid used in titrat- 
ing lime water in 100 cc. of blank solution, and B equals the cubic 
centimeters of 0.05N acid used in titrating excess of lime water in 100 
cc. of solution of the sample, (A—B) X50 equals parts per million of 
Mg. in terms of CaCO, (125). This is the form in which the magnesium 
is wanted for calculating the total hardness. To get the amount in 
terms of the element itself, that is, Mg., the CaCO; equivalent as ob- 
tained above is multiplied by 0.243. 


Notes 


131. Building lime may be used in the preparation of the lime water. The 
fact that such lime is contaminated with magnesia is of no consequence because the 
calcium hydroxide precipitates it. It is sometimes inconvenient, however, to obtain 
a small quantity of fresh lime and therefore it is worth remembering that a pure cal- 
cium oxide can be made in the laboratory by heating over the blast lamp a few grams 
of the calcium carbonate employed as a reagent in the J. L. Smith method for determi- 
nation of the alkalis. 


132. In the various methods for the determination of hardness, the standard 
acid is the ultimate measuring device and it must therefore be accurate, and since 
all hardness results are given in terms of calcium carbonate, 1 cc. of the standard ° 
acid should be equivalent to an amount of calcium carbonate that will be convenient 
for calculating the final result. It is customary to choose such a volume of the water 
to be analyzed and such a strength of standard acid, that multiplying by a simple 
factor will give the final result in parts per million or grains per gallon as the case 
may be. 


133. In the above procedure for magnesium only half of the excess of lime water 
is titrated and therefore the volume of standard acid used refers to one-half of the 
original water sample, or to 50 cc. By subtracting this from the volume of acid re- 
quired for the blank, where also only one-half is titrated, the amount equivalent to 
the magnesium in 50 cc. of water is found. This multiplied by 20 gives the volume 
of standard acid that would be required were a liter of water to be titrated. If now 
this amount be multiplied by the value of 1 cc. expressed in milligrams of equivalent 
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calcium carbonate the number of milligrams per liter of calcium carbonate will ob- 
viously be obtained or, in other words, the parts per million. The final formula is 
then developed as follows: A equals cubic centimeters of 0.05N acid to titrate excess 
of lime water in half of “blank.’’ B equals cubic centimeters of 0.05N acid to titrate 
excess of lime water in half of sample. A — B equals cubic centimeters of 0.05N acid 
equivalent to Mg in 50 cc. of sample. 50 cc. equals sy of liter. 1 cc. of 0.05N acid 
equals 2.5 milligrams CaCOs .. (A—B)X20X2.5=(A—B) X50=milligrams per 
liter of CaCOs equivalent to Mg in one liter of sample=parts per million. 

134. If the results are wanted in grains per U. S. gallon, parts per million must 
be multiplied by 0.05834. In some cases grains per gallon is the only form in which 
reports will be received and if many analyses are made it will save time to make the 
standard acid of such strength that 1 cc. of it will be equivalent to some small whole 
number of grains. According to the formula which applies to the above procedure, 
if A—B equals 1 cc. there will be the equivalent of 50 parts per million of calcium 
carbonate in the water. 50X0.058335=2.917 gr. per gallon. This is very close to 
3 grains so that a slight modification of the strength of the acid will make 1 cc. under 
the above conditions equal 3 grains per gallon. This strength of acid is obtained by 


2 


.000 
multiplying 0.05N by 5 917 70: OSIAN. If the normality basis is confusing, the 


caletum carbonate value of 1 cc. (2.5 mg.) can be multiplied by the same factor, which 
will give 2.571 mg. calcium carbonate as the value of 1 cc. The final formula would 
then be (A—B) X3 equals grains per gallon. 

135. If methyl orange is used as indicator there will be no interference with 
the subsequent reactions due to its presence. If erythrosine were employed the 
chloroform (162) might introduce complications. 

136. Experiments were made to determine the proper amount of lime water 
by using waters ranging from less than 100 to over 300 parts per million of magnesium 
calculated as calcium carbonate. Very little difference was found between the re- 
sults with 25 cc. and those with 50 ce. of lime water. It seemed nevertheless desir- 
able to use the larger amount. 


Determination of Calcium 


137. Solutions.—(1) Standard Potassium Permanganate. This 
should be 0.04N and is best standardized against pure sodium oxalate. 

(2) Saturated solutions of ammonium chloride and of recrystallized 
oxalic acid. 

138. Procedure.—One hundred cubic centimeters of the water 
is measured into a beaker, a few drops of methyl orange added and then 
dilute hydrochloric or sulfuric acid till the indicator shows the acid 
reaction. A 10 cc. portion of the ammonium chloride solution is next 
put in and the whole heated to boiling (140). The calcium is then pre- 
cipitated by adding 5 cc. of saturated oxalic acid solution followed by 
dilute ammonium hydroxide (1 : 20) in small portions at a time with 
stirring till the methyl orange shows an alkaline reaction. ‘To increase 
the size of the precipitate particles the beaker is set on a water bath or 
hot plate for an hour (141) after which the calcium oxalate is filtered 
onto asbestos (142) and washed with hot water. Both precipitate and 
asbestos felt are then transferred to the beaker in which the precipita- 
tion was made. The volume of liquid is made up to about 100 cc., 5 cc. of 
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concentrated sulfuric acid is added (143) and the mixture warmed if 
necessary, and the oxalic acid set free titrated with the 0.04N KMnO, 
solution. The number of cubic centimeters used multiplied by 20 
gives the equivalent parts per million of calcium carbonate. For the 
calculation of the equivalent amount of calcium, see Table XV, 197. 


‘Notes 


139. Sodium oxalate suitable for standardizing is very dificult to make in the 
glass and porcelain ware of the ordinary laboratory and it should therefore be pur- 
chased under a special guaranty of purity, preferably from the Bureau of Standards 


at Washington, D. C. 


140. The calcium oxalate was first precipitated in the cold and the solution 
afterwards heated. When done in this way, however, there was a great deal of trouble 
due to the calcium oxalate running through the filter. Precipitating hot avoided this. 


141. If only one or two determinations are made at a time the solutions after 
precipitation of the calcium oxalate can be boiled for three or four minutes instead 
of digested on the water bath for an hour. Great care must however be used to pre- 
vent bumping. 


142. In the work of the Survey porcelain Gooch crucibles with detachable bot- 
toms were used. This arrangement greatly facilitates the transfer of the precipitate 
and asbestos felt. 


143. By using concentrated sulfuric acid the solution as a rule becomes warm 
enough for the permanganate titration. 


144, The amount of magnesium usually found in even a very hard water will 
not interfere with the precipitation of calcium oxalate. If it is present in large excess 
the solution must stand ten or twelve hours before filtering and the precipitate must 
be dissolved and reprecipitated. In such extreme cases, however, gravimetric pro- 
cedures should be used. : 


Total Hardness by Means of Soda Reagent 


145. Solutions.—(1) Soda Reagent. This consists of a mixture 
of equal volumes of sodium carbonate and sodium hydroxide solutions, 
the exact strength of which depends upon the average hardness of the 
waters to be examined (149 to 152). That used by the Survey was 
0.4N. It need be approximate only, and is made by preparing separately 
the two solutions which should not differ in strength by more than 2 or 
3 per cent, and then mixing them volume for volume. 


2. Standard acid. 0.05N H2SO, or HCI (132). 


146. Procedure.—To 200 cc. of water in an Erlenmeyer flask of 
some form of resistant glass, sufficient standard acid is added to neutral- 
ize the bicarbonates after which the whole is boiled down to approxi- 
mately 100 cc. (154), as determined by a ‘mark on the flask. A 50 cc. 
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portion of 0.4N soda reagent is then added and the mixture again boiled 
down to 100 cc., after which it is transferred to a 200 cc. graduated flask, 
cooled, diluted to the mark with carbon-dioxide-free water and mixed. 
The solution is next filtered, rejecting the first 40 to 50 cc., and 100 ce. of 
the clear filtrate is transferred to a flask and the excess of soda reagent 
titrated with the 0.05N acid (155), with either methyl orange or ery- 
throsine as indicator. 


147. To get the value of the soda reagent in terms of the standard 
acid a blank is run by boiling down 200 cc. of distilled water to 100 cc., 
adding 50 cc. of soda reagent, again concentrating to 100 cc., trans- 
ferring to a 200 cc. graduated flask, diluting with carbon-dioxide-free 
water, filtering, etc., exactly as in the determination, and finally titrating 


with the 0.05N acid. 


148. Owing to the fact that the solutions are divided, it is seen 
that the amount of sample actually analyzed is 100 cc., and that the 
amount of soda reagent actually titrated in the blank is the same as 
that which acts on 100 cc. of the water. The calculation may then be 
based on 100 cc. of sample or one-tenth of a liter. If A equals cubic 
centimeters of 0.05N acid equivalent to the soda reagent titrated in 
one-half of the “blank” solution, and if B equals cubic centimeters of 
O.SN acid required to titrate the excess of soda reagent in one-half of 
the solution of the sample, or in 100 cc. of the sample, then A—B X2.5X 
10=parts per million of calcium and magnesium salts, or the total 
hardness in terms of calcium carbonate. (For the derivation of a 
formula similar to this one, see 133.) If the titration of the sample 
requires more acid than the blank, that is, if A is less than B, the water 
contains alkaline carbonates. See 165 and 166 for a discussion of this 
situation. 


Notes 


149. Many textbooks on water analysis call for 25 cc. 0.1N soda reagent for 200 cc. 
of sample. This is too weak for very hard waters like those in Ohio and therefore 
either a smaller volume of water must be used or more soda reagent in order to get 
the proper mass action effect to render the calcium and magnesium salts insoluble. 
To avoid the tedious boiling down of large volumes of liquid, a stronger reagent was 
employed in the work of the Survey rather than a larger volume of the 0.1N solution. 


150. The following table shows the effect of varying the concentration of soda 
reagent. Results are given in parts per million of equivalent calcium carbonate. 
Two hundred cubic centimeters of water was used in each experiment. 
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TABLE XIV 
Succ: 10 cc. 15 ce. 20 ce. 25 cc. 
0.5N 0.5N 0.5N 0.5N 0.5N 
soda soda soda soda soda 
reagent reagent reagent reagent reagent 
Water analyzed equiva- equiva- equiva- equiva- equiva- 
lent to lent to lent to lent to lent to 
Dy 50 ce. USES 100 cc. . .125 ce. 
0.1N 0.1N 0.1N 0.1N 0.1N 
Ohio State University spring 450 445 456 450 456 
VAIL een ope tanto, ace Te ae 438 44] 456 456 460 
yi 588 908 933 938 925 
Water from Bellevue, Ohio. { 58 908 933 938 925 
Well water from Columbus, SV 701 716 724 Won 
Ohiow Serial Nios Sa.) oe 577 701 Te TAe 725 


151. In these experiments a strong soda reagent was used in order to avoid 
the large volumes of liquid that would have resulted from the equivalent amounts 
of 0.1N solution. It is seen from the results that 25 cc. of 0.1N soda reagent is inade- 
quate in the case of the Bellevue and No. 8 waters though it serves very well for the 
softer spring water. The very hard waters require the equivalent of 75 cc. of 0.1N 
soda reagent to precipitate their total hardness. 

152. Since the method at its best depends so much upon the conditions of the 
experiment it was deemed advisable in the work of the Survey to use a very large 
excess of the soda reagent so that the reduction in its concentration by the calcium 
and magnesium salts in the water would be relatively small, in other words, the con- 
centration of soda reagent would be nearly a constant in all determinations. To 
this end the strength finally selected for use was 0.4N and the amount employed 
for each determination was 50.0 cc. 

153. The amount of acid to neutralize the bicarbonates can be determined by 
titrating the 200 cc. portion with methyl orange as indicator or just twice the volume 
of acid required for the titration of 100 cc. in the determination of alkalinity can be 
put in without the use of an indicator. 

154. The prolonged boiling and consequent concentration serves the double 
purpose of driving out all carbon dioxide and insuring the complete precipitation of 
the calcium and magnesium salts. 

155. Since the standard acid used in titrating the soda reagent is only 0.05N, 
it can be seen that over 100 cc., or several 50 cc. burettefuls of acid would be required 
to titrate the excess of soda reagent. To obviate this difficulty without detracting 
from the accuracy of the measurements, 25 cc. of a stronger acid was added before 
beginning the titration with the standard 0.05N acid. This stronger acid was of 
such concentration that the titration could be finished with one buretteful of the 
0.05N acid. Both accuracy of measurement and time were conserved by using an 
all-glass constant delivery pipette for the introduction of the stronger acid. Such an 
instrument is more nearly constant in delivery than an ordinary pipette. 


156. Those who are interested in the art of planning the details 
of an analytical process will note that neither the exact strength nor 
the exact volume of the portion of stronger acid need be known. The 
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only requirements are that the strength and volume shall be convenient 
for the purpose in hand and that they do not vary from one titration 
to another. 

Carbonate Hardness 


157. Solutions.—Standard acid. Either 0.05N HCl or H)SO, 
may be used (132). 


Erthyrosine indicator. Erthyrosine is dissolved in water at the 
rate of about 50 milligrams per 100 cc. It does not keep well, especially 
when exposed to the light, and should therefore be freshly prepared at 
least once a week. 

158. Procedure.—(1) With methyl orange indicator. One hun- 
dred cubic centimeters of the water is titrated in any suitable vessel 
with the 0.05N acid. A similar vessel containing the same amount of 
water and indicator will aid greatly in noting the end-point (161). 

159. (2) With erthyrosine indicator. One hundred cubic centi- 
meters of sample is measured into a 250 cc. glass-stoppered bottle of 
clear white glass. About 5 cc. of chloroform (162) and 2.5 cc. of indi- 
cator solution are then added and the titration begun. After each 
addition of the acid the stopper is replaced and the bottle shaken vig- 
orously so as to distribute the chloroform in droplets through the water. 
The end-point is the disappearance of the rose color. A comparison 
bottle will aid greatly in recognizing the change in color. 

160. The carbonate hardness of the water in parts per million of 
calcium carbonate is found by multiplying the number of cubic centi- 
meters of 0.05N acid used by 25. (See 133 for the derivation of such 
formulas.) 

Notes 


161. The author has at times experienced much trouble with the methyl orange 
end-point, due to a poor product. In buying methyl orange therefore it should be speci- 
fied that it is to be used as an indicator. Even with good material the end-point is 
strongly affected by the concentration of the indicator used. As a rule too much is 
added and it is to be recommended that various amounts be tried till the depth of 
color is found that will give the most sensitive color change. Finally it should not 
be forgotten that the solution deteriorates slowly on standing. 

162. Without the chloroform or some other suitable, non-miscible liquid present, 
the erthyrosine end-point would be worthless. The chloroform must be tested for 
acidity by shaking a portion with water and testing the water. If found acid it should 
be washed by shaking with successive portions of water till the washings are neutral 


Non-carbonate Hardness 
163. The non-carbonate hardness of a water is found by sub- 


tracting the carbonate hardness from the total hardness. It may also 
be determined directly by the following modification of the soda reagent 
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method. Instead of neutralizing the bicarbonates in the samples of 
water, as described for the determination of total hardness, the water 
is simply boiled ten minutes to precipitate the carbonate hardness. 
Soda reagent is then added and from that point the procedure is the 
same as for total hardness. If the water contains sodium carbonate 
the sample will require more acid for its titration than the “blank.” 


Alkalinity Caused by Carbonate or Bicarbonate of Sodium or by Calcium 
Hydroxide 


164. Many natural waters in the middle or western states contain 
sodium carbonate or bicarbonate and in the careless softening of water 
with lime and soda ash, the treated water may contain an excess of 
sodium carbonate or bicarbonate or of calcium hydroxide. All of these 
substances impart alkalinity to the water and therefore might easily be 
confused with carbonate hardness. 

165. Fortunately a comparison of the total hardness with the 
carbonate hardness as determined by titration with standard acid will 
at once indicate the presence of sodium carbonate. The total hardness 
will be less than the carbonate hardness. If the non-carbonate hardness is 
determined directly by the soda-reagent method after boiling the water 
(163), the presence of alkali carbonates will be shown by the fact that 
the sample will require more acid for its titration than the “blank.” This 
will of course not be the case if the total hardness is determined by 
soda reagent because any sodium carbonate present would be neutralized 
by the acid added to destroy the bicarbonates. 

166. The presence of carbonates or hydroxides can also be shown 
by adding phenolphthalein to the water. ‘This indicator is not affected 
by bicarbonates but gives its characteristic red color with normal 
carbonates and hydroxides. In this connection it must not be for- 
gotten that calcium carbonate is sufficiently soluble to redden phen- 
olphthalein and therefore a water in which a part even of the bicarbon- 
ates has been precipitated will give the test. See 448 for the barium 
chloride test for carbonates. 

167. The only reliable method for distinguishing the nature of the 
alkalinity of a water is by making titrations with standard acid using 
at one time an indicator like methyl orange or erthyrosine that changes 
color at a relatively high hydrogen ion concentration and the other 
time an indicator like phenolphthalein that changes at a low hydrogen 
ion concentration and therefore does not give its alkaline color in the 
presence of bicarbonates alone. The behavior of these two groups of 
indicators can be summarized as follows: 

168. Methyl orange and erthyrosine give their alkaline color in 
the presence of carbonates, bicarbonates, and hydroxides, and change 
to the acid color when these substances have been completely neutral- 
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ized. Phenolphthalein gives its alkaline color in the presence of carbon- 
ates and hydroxides but remains colorless (acid color) in the presence of 
bicarbonates. Consequently its end-point comes when all of the hydrox- 
ide and half of the carbonate have been neutralized. The quantitative 
relations are given below. 


169. ME equals volume of standard acid to give end-point with 
methyl orange or erthyrosine, and P equals volume of acid to give 
end-point with phenolphthalein. 


I. P=0. The water contains no carbonates or hydroxides and ME equals 
the bicarbonates. 


II. P is less than half ME; the water contains carbonates and bicarbonates. 
Carbonates =2 P. 
Bicarbonates = ME—2 P. 


III. P is more than half ME; the water eoheais carbonates and hydroxides. 
Carbonates=2 (ME—P). 
Hydroxides=2 P—ME. 


IV. P is equal to half ME; the water contains carbonates alone. 
Carbonates= ME or 2 P. 


VY. P is equal to ME; the water contains hydroxides alone. 


Hydroxides=P or ME. 


170. If an attempt were made to prepare a mixture of bicarbon- 
ates and hydroxides the two would react with the consequent production 
of carbonate alone or of carbonate with bicarbonate or hydroxide, de- 
pending upon the relative amounts originally used. The titration of 
such a mixture would therefore fall under one of the five cases above. 


171. It need hardly be mentioned that when sodium carbonate is 
present in a water, calcium and magnesium salts will be absent or low 
in amount. 


Determination of Iron 


172. Solutions.—(1) Standard iron solution. This is made by 
dissolving 0.700 g. of clear crystals of ferrous ammonium sulfate in 80 
cc. of a mixture of equal volumes of water and concentrated sulfuric 
acid, just previously prepared so that the solution will be hot. Potas- 
sium permanganate is then added till a permanent pink color shows 
the oxidation of all of the iron, after which the solution is diluted to 
one liter. Sometimes on standing a turbidity appears due to the hydro- 
lytic precipitation of the iron. If this happens, a fresh solution should 
be made, using more sulfuric acid. One cubic centimeter of this solution 
=0.1 mg. Fe. 

(2) Potassium sulfocyanate solution. Twenty grams of the salt 
is dissolved in one liter of water. 
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(3) Potassium permanganate solution. Approximately 0.2N is 
convenient. 

(4) Hydrochloric acid. The concentrated acid, sp. gr. 1.2, should 
be used. It must be free from iron. 

173. Procedure.—Fifty cubic centimeters of the water is evapo- 
rated to dryness and the residue gently ignited in order to destroy 
organic matter. (The residue from the determination of total solids 
may be used.) The iron compounds in this residue are then dissolved 
by adding about 5 cc. of concentrated hydrochloric acid and warming the 
dish which should be so turned and inclined as to cause the hot acid to 
reach every part of the interior. A few cubic centimeters of water is 
next added and the contents of the dish washed into a 100 cc. Nessler 
tube. If the solution is turbid it must be filtered. Finally, in order to 
insure the complete oxidation of the iron, potassium permanganate 
solution is added till a pink color that will remain at least five minutes 
is produced. The tube is then set aside till the standards are prepared. 

174. Standards for the color comparison are made by measuring 
from 0.05 to 4.00 cc. of standard iron solution into a series of 100 cc. 
Nessler tubes. Each portion is diluted to about 50 cc. and 5 cc. of 
concentrated hydrochloric acid added. Enough potassium perman- 
ganate solution is next put in to produce a permanent pink color. 

175. When the tube containing the iron from the water sample 
and those containing the standard iron have been brought to the final 
treatment with permanganate, 10 cc. of potassium sulfocyanate solution 
is added to each one. This destroys the pink color of the permanganic 
acid and develops a red color due to the formation of ferric sulfocyanate. 
Comparisons with the standards should be made at once because the 
red color is not permanent, especially in strong light. 

176. Since the color of ferric sulfocyanate is not materially affected 
by the order in which the reagents are mixed, standard tubes of different 
depths of color may be made by starting with one containing a small 
amount of iron solution and then, as needed, adding successive, measured 
portions until a color is reached that matches that of the tube containing 
the iron from the sample of water. 

177. The number of cubic centimeters of standard iron solution 
required to match the iron from 50 cc. of water when multiplied by 
2 =parts per million of Fe. 


Determination of Chloride 


178. Solutions.—(1) Standard silver nitrate solution. Clear 
crystals of pure silver nitrate are dissolved in water at the rate of 4.791 
g. per liter. One cubic centimeter of this solution =0.001 g. Cl. 

(2) Standard sodium chloride solution. This is prepared from 
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pure fused sodium chloride of which 1.648 g. is dissolved in water and 
diluted to one liter. One cubic centimeter =0.001 g. Cl. 

(3) Indicator, potassium chromate solution. About 50 g. of 
yellow potassium chromate (KyCrO,) is dissolved in 100 cc. of water 
and any chlorides present are precipitated by the slow addition of silver 
nitrate solution till a permanent red precipitate of silver chromate forms. 
The solution is then filtered and diluted to a liter. 


179. Procedure.—Fifty cubic centimeters (180) of the water is 
titrated in a porcelain dish with the standard silver nitrate solution 
with about 1 cc. of the potassium chromate solution as indicator. The 
end-point is the first appearance of a permanent red tinge due to the 
formation of silver chromate which takes place as soon as all of the 
chlorides have been precipitated as silver chloride. The volume of 
silver nitrate solution required to give this end-point will, however, 
be somewhat more than the equivalent of the chloride in the water and 
therefore a correction (182) must be found as follows: Having noted 
the volume of silver nitrate solution required for the titration of 50 cc. 
of the water, the same volume of standard sodium chloride solution is 
measured into a dish and diluted with water to 50 cc. Chromate indi- 
cator is next added and the solution titrated with standard silver nitrate. 
The volume of silver nitrate solution required for this titration of the 
salt will be greater than that used for the sample of water. The differ- 
ence between the two volumes is the correction and it is to be subtracted 
from the volume used in titrating the water. The remainder is the 
volume of silver nitrate solution equivalent to the chloride in the water. 
The number of cubic centimeters so found when multiplied by 20 = parts 
per million of Cl. 

Notes 


180. The procedure as outlined above must of course be modified to suit cer- 
tain conditions. (a) If there is enough chloride in the water to require more than — 
4 or 5 ce. of silver nitrate solution less than 50 cc. of sample should be used. In such 
an event the standard sodium chloride solution used for determining the correction 
should then be diluted to the same volume. (b) If the chloride in the water is very 
small in amount, a cubic centimeter of standard salt solution should be added to the 
sample before titration and appropriate correction made for the addition. (c) In 
case the water is acid, sodium carbonate should be added till just alkaline to phenol- 
phthalein, the red color of which is then just discharged with dilute sulfuric acid. (d) 
Waters that are sufficiently alkaline to redden phenolphthalein should be treated with 
dilute sulfuric acid as described in (c) above. (e) Colored waters must be boiled 
with a little precipitated and washed aluminium hydroxide and filtered, due correc- 
tion being made for the change in volume. (f) Sulfides if present would interfere 
with the titration by forming black silver sulfide. In Ohio waters sulfides consist of 
hydrogen sulfide which oxidizes so rapidly that no trouble was experienced after the 
samples had been exposed some time to the air. 

181. At best the silver chromate end-point is difficult to recognize till practice 
has developed skill. The inexperienced will do well therefore to have at hand a com- 
parison dish containing chromate and some silver chloride. A partially titrated 
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sample is excellent for such use. Working in yellow light such as given by a luminous 
gas flame or a carbon electric light bulb is also a great help. 

182. The silver chloride formed during the course of a water titration is a white 
solid and therefore tends to mask the red color of the silver chromate upon the forma- 
tion of which in visible amount the end-point depends. This masking effect is of course 
greater the larger the amount of silver chloride and consequently in the case of a water 
of high chloride content relatively more silver nitrate solution must be added to pro- 
duce enough of the red silver chromate to show. The error will in other words vary 
with the amount of chloride in the water and must therefore be determined for dif- 
ferent amounts. 

183. In the procedure above, this error is determined by titrating an amount 
of chloride approximately the same as that in the water and under the same conditions 
of concentration, amount of indicator, etc., as used for the sample of water. Since 
the standard solutions of sodium chloride and silver nitrate are separately prepared 
and both equivalent to the same amount of chloride, the difference in volume between 
a given portion of the chloride solution and that of the silver solution required to titrate 
it is the correction to apply for the conditions of that titration. The value of the cor- 
rection will remain constant for all amounts of salt solution within a few tenths of a 
cubic centimeter of the amount actually titrated and therefore no error is introduced 
by determining it with the use of chloride solution slightly stronger than that of the 
sample of water. Where many titrations are to be made the corrections should be 
determined once for all and tabulated or plotted as a curve. If only an occasional 
titration is made it is best to follow the procedure in 179 on account of the difficulties 
of the end-point.”4 

184. Another general method for eliminating the end-point errors of this titration 
is to determine the standard of the silver nitrate solution by titrating it against a known 
amount of pure sodium chloride. If this plan is followed it will then be necessary 
always to have the conditions of an analysis like those of the standardization, that is, 
the volume of water used and the amount of chloride present must be the same. The 
necessary dilution and concentration is as a rule more trouble than the procedure 
given above. 


Determination of Total Solids 


185. Procedure.—Fifty cubic centimeters of water (186) is 
evaporated in a platinum or porcelain dish to dryness on the water bath. 
After weighing, the dish and contents are again heated on the bath and 
reweighed to insure completeness of drying. The weight in milligrams 
of the residue so obtained multiplied by 20 = parts per million. 


Notes 


186. Many Ohio waters are turbid and therefore the question will arise as to 
whether they should be filtered. The answer to this question depends upon the in- 
formation sought. If the dissolved total solids are wanted the water must obviously 
be filtered, but if total solids including suspended matter is required, the sample por- 
tion must be taken so that the undissolved solids will represent an average of the whole. 

In the work of the Survey the undissolved matter was included. If the turbidity 
was of a sort that remained suspended for a long time, the large sample was merely 
shaken and the portion for the total solids determination poured out. In case the 
suspended matter settled rather rapidly, a current of air was bubbled through the 


*4A full discussion of the errors incident to this method for the determination of 
chlorides is given by Hazen in the American Chemical Journal for 1889, page 409. 
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water in the large sample bottle and while this was being done the portion for total 
solids was siphoned from about the middle. 


187. The above method is an easy and rapid one for making a determination 
of total solids. It does not, however, take into account any loss of acid due to hydro- 
lysis nor can it be said that the final drying on the water bath will give as concordant 
results as heating at about 103° as recommended by Standard Methods. The inter- 
pretative value of the results is, however, so little that extra precautions are hardly 
worth the time to apply them. 


Determination of Nitrate 


188. Solutions.—(1) Standard potassium nitrate solution. A 
stock solution is first made by dissolving carefully selected, clear crystals 
of potassium nitrate at the rate of 2.04 g. per liter. The final standard 
solution employed in the analysis is then prepared by evaporating 10 
ce. of the stock solution just to dryness (191) on the water bath and 
treating the residue so obtained as follows: Six cubic centimeters of 
the phenolsulfuric acid is dropped rapidly onto the residue so that it 
will be equally distributed over the surface. Residue and acid are then 
quickly rubbed together by means of a thick stirring rod bent slightly 
at the end to correspond with the curvature of the dish. The mixture 
is then diluted to one liter. One cubic centimeter = 0.5 mg.NOs. 


(2) Phenolsulfuric acid. For the preparation of 200 cc. of this 
reagent 30 g. of synthetic phenol is mixed with 370 g. of pure, con- 
centrated sulfuric acid in a flask and the whole is heated for six hours 
in boiling water. The flask, which should be loosely stoppered, must 
be supported so that all but the neck is completely immersed in the 
water. 

189. Procedure.—Twenty-five cubic centimeters of water is 
evaporated in a small porcelain dish on the water bath till all but the 
last drop of liquid has disappeared (191). The dish is then removed 
and the rest of the liquid allowed to evaporate from the heat yet remain- 
ing. The residue is next treated with phenolsulfuric acid by dropping 
1 ce. of this reagent over the surface and quickly rubbing it in with a 
bent stirring rod. Twenty-five cubic centimeters of distilled water 
is then added and sufficient ammonium hydroxide to make the mixture 
alkaline. It is best to determine experimentally once for all the volume 
of ammonia necessary to neutralize the acid and provide a slight excess, 
and then always add this measured amount. If nitrates are present a 
yellow color proportional in depth to the amount of nitrate will be pro- 
duced. Comparison with standards is carried out as follows: 

190. An approximate amount of standard potassium nitrate 
solution is measured into a dish similar to the one used for the water 
and the volume made up to 25 cc. with distilled water. A volume of 
ammonium hydroxide equal to that used with the sample of water is 
next added so that the volumes of liquid in the two dishes will be the 
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same. The color comparison can now be made. If the portion of 
standard nitrate solution does not produce the right depth of color to 
match that of the sample another portion must be tried till the proper 
amount is found. Since the colors are permanent for a long time, this 
method of cut and try is shorter than the preparation of a long series of 
standards. The latter plan would, however, be preferable if a large 
number of nitrate determinations were made at a time. The number 
of cubic centimeters of standard nitrate solution required to match the 
color produced by 25 cc. of water, divided by 2 = parts per million of 
NOs. 
Notes 


191. There may be considerable loss of NOsz if the residue from evaporation is 
left for some time on the water bath. 


192. Chlorides if present in amounts greater than 30 parts per million interfere 
with this method for the determination of nitrates. They can be removed or reduced 
below 30 parts by precipitation with silver sulfate solution, proper correction being 
made for change in volume due to the addition of the silver solution. In the work 
of the Survey, however, this was not done, because the change in the results was not 
deemed sufficient to affect the general opinion of the water. 


Determination of Sodium and Silica 


193. There is no volumetric method for the determinations of 
sodium, potassium, and silica in a water, but when the other constitu- 
ents have been determined, a fair idea of the amounts of these can be 
found by difference. It is necessary, however, in applying this pro- 
cedure to transform the total solids into more definite compounds than 
those obtained by simple evaporation of the water. This is readily 
accomplished by treating the residue with sulfuric acid, evaporating the 
excess and finally igniting the remaining sulfates at a low red heat. 
By this procedure the sodium, potassium, calcium, and magnesium salts 
are transformed into sulfates and the iron into oxide. The silica re- 
mains unchanged and may now be determined from the loss in weight 
on treatment with hydrofluoric acid. The sodium may then be found by 
subtracting the sum of the calcium and magnesium sulfates and the 
iron oxides, all calculated from the results of previous determinations. 
Since potassium as a rule is present in traces only, the difference is called 
sodium sulfate. The results obtained by this method can claim no high 
degree of accuracy but they serve at least to indicate the approximate 
amounts of silica and of the alkalis present. 

194. Procedure.—The “total solids” residue (185) is treated 
with an excess of dilute sulfuric acid in the original dish, which for this 
purpose must be of platinum, and the dish is then set on a hot plate 
the temperature of which is so regulated that the excess of acid is driven 
off without loss by spattering. The residue obtained is finally ignited 
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over a free flame at a low red heat. To facilitate driving out the last 
traces of sulfuric acid a small piece of ammonium carbonate should be 
added. The dish is finally cooled in a desiccator and weighed, the 
residue being assumed to consist of CaSOx+MgSOi+NaySO, (K2SO,) 
+Fe.03+S10.. 

195. Determination of silica. If silica is to be determined the 
residue as obtained above is next treated with about 1 cc. of hydrofluoric 
acid and a drop or two of sulfuric acid and the mixture is again evaporated 
on the hot plate and finally ignited at a low red heat, cooled, and weighed. 
The loss in weight is silica (SiOz). 

196. Determination of sodium. (a) If silica has been determined, 
the residue remaining in the dish will consist of CaSO;+ MgSOiu+NazgSOx 
+FeO;. To obtain the weight of the Na,SO, it is necessary only to 
calculate from previous determinations the amounts of CaSO,, MgSOu,, 
and Fe,O; and subtract their sum from the weight of the residue. 

197. (b) If silica is not to be determined, hydrofluoric acid may be 
used with the sulfuric in the first treatment of the total solids residue 
and the silica driven out at the same time that the metals are trans- 
formed into sulfates. The subsequent calculations are the same as 
those described above. The weight of sodium sulfate corresponding 
to the sodium salts originally in the volume of water evaporated can be 
found by either method and may be calculated then as parts per million 
in any form of combination desired. Table XV will be found useful 
in making the calculations required in the determinations of silica and 
sodium. 


TABLE XV 


Conversion table for use with chemical methods of this Bulletin” 


1 2 3 4 5 6 fi 8 
NaeSO, 

CaCO; Mg Ca CaSO, MgSO, to Na Fe FeO 

1 Dee 0.4 Lt Lipa 0.3 0.1 0.14 
& 5 0.8 Qh 2.4 Ore/, 0.2 0.28 
3 0.7 Tee 4.1 3.6 1.0 0:3 0.43 
4 0 TO, 5.4 4.8 3 0.4 OF 
5 trae ve} 6.8 6.0 1.6 0.5 0.72 
6 13 2.4 8.2 Lae 139 0.6 0.86 
7 Lo 2.8 95 8.4 Dio 0.7 1.00 
8 Teo: See 10.9 9.6 2.6 0.8 1.14 
2) ZED 3.6 Ze 2 10.8 259. 0.9 Lae: 
10 2.4 4.0 i rates EZOO Clas 1.0 1.43 
11 2.7 4.4 1500) Wane 376 ey Leta 
12 2.9 4.8 16.3 14.4 Bae 1.4 2.00 
13 dew oy seal 15.6 4.2 1.6 2.29 
14 3.4 5.6 19.0 16.8 4.5 1.8 ORG 
Compiled by C. R. DeLong. 
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TABLE XV—Continued 


3 f 5 6 
Na2SO, 
Ga CaSO, MgSO, to Na 
6.0 20.4 18.0 4.9 
6.4 PAL LOR 5a 
6.8 O38 ral 20.4 505) 
(ae 24.5 ZLRO Byes 
LO. 25.8 22.8 6.2 
8.0 Di He 24.0 605 
8.4 28.6 BS 6.8 
8.8 29.9 26.4 Tees | 
OR? S153 BUA LS 
9.6 32.6 28.8 7.8 
10.0 34.0 30.0 Sait 
10.4 35,5) HEE 8.4 
10.8 36.7 Sood! 8.8 
Wil 2 Hood B50 Dit 
11.6 39.4 34.8 9.4 
12.0 40.8 36.0 Se, 
12.4 42.2 SE 10.0 
12.8 43.5 38.4 10.4 
MEA 44.9 39.6 iO. 7 
SEO 46.3 40.8 11.0 
14.0 47.6 42.0 LS 
14,4 49.0 43 2 11.6 
14.8 50.3 44.4 12.0 
US 2 Sen 45.6 1233 
15.6 53.0 46.8 12.6 
16.0 54.4 48 0 12.9 
16.4 55.8 49 2 13.3 
16.8 Dal 50.4 W356 
NEE 58.5 DLO. 14.0 
L7G 59.8 DEMS 14.3 
18.0 yy 54.0 14.6 
18.4 62.6 Dey 2 14.9 
18.8 63.9 56.4 SS 
TOR? 65.3 MO 15.6 
19.6 66.6 ISS 15.9 
20.0 68.0 60.0 Ge? 
20.4 69.4 61.2 1GRS; 
20.8 OI; 62.4 16.9 
All PII 63.6 2 
BIL 6) 73.4 64.8 WES 
22.0 74.8 66.0 17.8 
Ero et 76.2 67.2 18.1 
22.8 Tie: 68.4 1S 5) 
Z3ue 78.9 09.6 18.8 
ZORO 80.2 70.8 I) a! 
24.0 81.6 72.0 19.4 
24.4 83.0 sh. 2 19, 
24.8 84.3 74.4 20.1 


Re OST Gs GK SG gS GN 
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TABLE XV—Concluded 


1 2 3 t 5 6 fi 8 
NaSO, 

CaCOs Mg Ca CaSO, MgSO, to Na Fe FeO; 
63 L.3 adie S557 (2.0 20.4 18 PAE 
64 156 25.6 87.0 76.8 20.7 19 laa 
65 15.8 26.0 88.4 78.0 AIAG) 20 28.6 
66 16.1 26.4 89.8 79.2 AN Vey 21 30.0 
67 16.3 26.8 91.1 80.4 EAGT 22 S152 
68 16.5 rt ew 4 92.5 81.6 22.00 23 32.9 
69 16.8 27.6 93.8 82.8 PS 24 34.4 
70 17.0 28.0 95.2 84.0 2D. 25 Abin! 
71 1 ae) 28.4 96.6 Soee 23.0 26 Shea 
72 75 28.8 oT. 86.4 23.4 27 38.6 
73 17.8 208 99.3 &7 .6 A eseatl 28 40.0 
74 18.0 29.6 100.6 88.8 24.0 29 LESS, 
iD 18.2 30.0 102.0 90.0 24.3 30 42.9 
76 18.5 30.4 103.4 OL 2 24.7 31 44.3 
77 18.7 30.8 104.7 92.4 or) 32 45.8 
78 19.0 S1ke 106.1 93.6 D5e3 33 47.2 
79 19-2 31-0 107.4 94.8 25.6 34 48.7 
80 19.5 32.0 108.8 96.0 25.9 35 50.0 
81 137 32.4 110.2 97.2 26.2 36 SES 
82 109 32.0. 19955 98.4 26.6 37 52.9 
83 20.2 33.2 age 99.6 26.9 38 54.4 
84 20.4 33.6 114.2 100.8 Died 39 55.8 
85 20.7 34.0 115.6 102.0 27 40 Df «2 
86 20.9 34.4 117.0 103.2 Piles) 4] 58.6 
87 212 34.8 118.3 104.4 28.2 
88 21.4 Bae 119.7 105.6 28.5 
89 21.6 35.6 121.0 106.8 Desc) 

90 21.9 36.0 122.4 108.0 29.2 
91 22.4 36.4 123.8 109.2 29.5 
a2 22.4 36.8 12521 110.4 29°59 
93 22.6 Bae 126.5 111.6 30.2 
94 Puce 37.6 127.8 T12-6 30.5 
95 FA 38.0 129.2 114.0 30.8 
96 23.4 38.4 130.6 T1522 eh lee? 
97 23.6 38.8 3109 116.4 ct ee) 
98 23.8 3902 seb aes TVG: hi Wags: 
99 24.1 39.6 134.6 118.8 Spal 
100 24.3 40.0 136.0 120.0 32.4 


Explanation of Table XV 


Column 1 gives parts by weight of CaCO; and Columns 2, 3, 4, and 5 give the 
equivalent parts by weight of Mg, Ca, CaSO, and MgSO. Example: If in the de- 
termination of Mg the result is obtained in equivalent parts of CaCOs and it is then 
wished to obtain the p.p.m. of Mg, Column 2 gives the desired value at once. Simi- 
larly, for the determination of Na according to 196, the amounts of MgSO, and CaSO. 
can be obtained at once from the values of Mg and Ca previously determined. 
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Column 6 gives the amount of Na corresponding to the numbers in Column 1 
read as NasSOy. Example: If by the method of 196 it is found that there are 35 
mg. of NapSO, in the residue, Column 6 shows at once that the corresponding weight 
of Nia its 11-3 me. 

Column 7 gives parts by weight of Fe and Column 8 the corresponding amount 
of FeO3. These two columns are also used in making the calculations for the de- 
terminations of Na and SiOz. 

Note.—Column 5 can also be read as the weights of SO, equivalent to the numbers 
in Column 1 considered as SOs. This is because the factor 1.2030 for converting 
CaCO; into equivalent parts of MgSOs is practically the same as the factor for con- 
verting SOx into equivalent parts of SO, which is 1.1999. No error will therefore be 
introduced by reading Column 5 as SO, equivalent to SO3 as of Column 1. 


Determination of Sulfate 


198. (a) Gravimetric method. The most accurate method for the 
determination of sulfates in a water is by precipitation with barium 
chloride and weighing the resulting barium sulfate. The author’s plan 
is to add about 1 cc. of strong hydrochloric acid to 500 cc. of the water 
and filter if the liquid is not clear. The mixture is next heated to boiling 
and ten per cent barium chloride solution added drop by drop with 
constant stirring till no further formation of precipitate can be observed 
on adding another drop, after waiting for the supernatant liquid to clear 
somewhat. When this point is reached about one-half more than the 
amount of barium chloride solution already used is added and the vessel 
set aside for an hour or longer before filtering. The precipitate is 
finally filtered, washed with hot water till free from chlorides, and ignited 
as barium sulfate. The weight in milligrams of the precipitate so ob- 
tained when multiplied by 0.823 gives the parts per million of SQ,. 

199. (b) Turbidimetric method. The gravimetric method is slow 
and accordingly the Survey used the more rapid turbidimetric pro- 
cedure which consists in precipitating the sulfate ion with barium 
chloride and measuring the resulting cloudiness in a Jackson _turbidi- 
meter according to Muer.?é 


200. Procedure.—One hundred cubic centimeters of the water is 
treated in a small bottle with 1 cc. (206) of hydrochloric acid, 1 to 1, 
and a barium chloride tablet added (203). The bottle is then stoppered 
and slowly inverted and righted till the tablet dissolves. When this 
has taken place it may be assumed that the precipitation of the barium 
sulfate is complete. Violent shaking must be avoided, because for 
turbidimetric measuring a precipitate should be as finely divided as 
possible. Shaking has a tendency to increase the size of the particles. 
The measurement of the turbidity should be made at once, for which 
purpose the candle (202) is lighted and the instrument set where the 
flame is protected from drafts. A few cubic centimeters of the turbid 


*6J. Ind. and Eng. Chem. 3, 553. 
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liquid from the bottle is next poured into the observation tube which 
is then put into its support over the candle. More liquid is added in 
small portions at a time till, on looking down through the tube with the 
eye about half an inch from the top, the image of the flame is no longer 
visible.. The depth of the column of turbid liquid so obtained is then 
noted (205) and by reference to Table XVI the amount of sulfate cor- 
responding to this depth is found. Weight of SO, is found by multiply- 
ing the values in the SO; column by 1.200. Having made one reading 
as described above, it is well to empty the observation tube into the 
bottle and make another test. 


Notes 


201. Accurate measurements with the candle turbidimeter demand experience 
and attention to numerous details. Those who are proposing to use this method will 
find Muer’s article most helpful. 


202. Some recommend the expensive standard candles and these were actually 
used in the work of the Survey. It is doubtful, however, if this is necessary since Muer 
has shown that the character of the flame has little effect on the results. 


203. Solid barium chloride must be used in precipitating barium sulfate for 
turbidimetric measurement because it produces a very finely divided precipitate. 
Muer studied this point in detail and found not only that solid salt was necessary for 
the best results but that the size of the barium chloride crystals used had a pronounced 
effect in the sense that the larger crystals produced the more finely divided precipitate. 
Since the turbidity or power to obscure the flame is greatly increased by increasing 
the fineness of the precipitate particles it can readily be seen that this would have the 
same effect as a larger amount of sulfate and would thus lead to high results. Muer 
found that very coarse crystals of barium chloride gave a turbidity with a given con- 
centration of sulfate more than twice as great as that produced by very fine crystals. 
In order to reduce this effect as much as possible, he recommends the use of tablets?” 
of compressed barium chloride. 


204. Muer explains the action of large sized particles of barium chloride by 
ascribing it to the slower rate of precipitation resulting from their use. The author is, 
however, inclined to the opposite view. It is a general rule that the more rapidly a 
precipitate forms, the more finely divided it will be and therefore conditions that in- 
crease the rate of precipitation also increase the fineness of the precipitate particles. 
In the case of the solid barium chloride used as a precipitant for sulfates it would 
appear that a film of saturated solution forms on the surface of the crystals and that 
precipitation takes place in this film. This precipitation is very rapid because of the 
high concentration of the barium chloride at that point and therefore the particles of 
barium sulfate are very small. The apparent slow precipitation is due entirely to 
the slow rate at which the solution carrying the sulfate ions comes into contact with 
the barium chloride crystals. With very small crystals of barium chloride the surface 
would be greatly increased and more barium ions would escape into the solution where 
precipitation would then go on slower with the consequent formation of larger par- 
ticles of barium sulfate. 

205. The Jackson turbidimeter is equipped with tubes with millimeter scales 
etched on the sides. This makes the reading of the depth of liquid very convenient. 
Such tubes, however, are expensive and may be replaced by a 100 cc. Nessler tube 


27The tablets used by the Survey were obtained from the Fraser Tablet Co. 
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in which the depth of liquid can be measured by means of an ordinary millimeter 
scale. 


206. In using the turbidimetric method in the work of the Survey a slight error 
was made and remained undetected till after the laboratory was dismantled. Muer’s 
table is arranged on the basis of 100 cc. as the volume to which the turbidities are 
referred. Since the Survey’s procedure was to start with 100 cc. of water and add 
1 cc. of dilute hydrochloric acid before precipitating the barium sulfate, the turbidity 
was produced in a volume of 101 cc. and therefore all results so obtained are 1 per 
cent low. This is, however, entirely negligible and in the upper ranges of the table 
within the error of reading. Accordingly the results have not been recalculated. 


TABLE XVI 


Data for use with Jackson’s candle turbidimeter. Sulphur and SO; 
contained in 100 cc. precipitated. 


(Muer, J. Ind. and Eng. Chem. 3, 555) 


Depth S SOs; Depth S SO; Depth S SO3 
Cm Mg. Mg. Cm. Mg. Meg. Cm. Mg. Mg. 
1.0 20.0 50.0 4.2 4.24 10.75 7.4 2.67 6.68 
iL 18.0 45.0 4.3 4.16 10.50 es 2.64 6.60 
152. G5 41.3 4.4 4.08 10.25 Tao 2.61 6.53 
es 15.0 Se 4.5 4.00 10.00 Tad 2.59 6.48 
1.4 135 Hoots 4.6 393i SESS 7.8 256 6.40 
i, 125 31.3 4.7 3.86 9.65 7.9 2.54 6.35 
Ls Opmmme lle? 28.0 4.8 3879 9.48 8.0 Axil 6.28 
ih % 10.0 25.0 4.9 See 9.30 8.1 2.49 6.23 
es D5 23.8 5 3.66 9F15 8.2 247 6.18 
1.9 9.0 De Seal 3.60 9.00 8.3 2.44 6.10 
2.30 8.5 DUNS 52 3.54 8.85 8.4 2.42 6.05 
Dil 8.0 20.0 Ae 3.49 8.73 8.5 2.40 6.00 
DD) 7.6 19.0 5.4 3.43 8.58 8.6 2.38 SOD 
253 hee 18.3 5.5 3}. Ste 8.45 8.7 236 5.90 
2.4 7.0 WS 5nG She 393) 8.33 8.8 2.34 5.85 
D'S 6.7 16.8 eH 3.28 8.20 8.9 22 5.80 
Pos} 6:5 16.3 5.8 3.24 8.10 9.0 M0) SES 
Dd 6.3 15.8 5.9 BoA 8.00 Oral 2.28 5.70 
2.8 6.1 Ss. 6.0 Balls) 7.88 D2 226 5.65 
229 5.9 14.8 Ged Oral Foils 215) PDS 5.63 
3.0 ot 14.3 6.2 SS (0/ 7.68 9.4 2223 5.58 
pil 5.5) 13.8 6.3 3.03 7.58 O85 eal bese 
Be 5),,44 5 6.4 2.99 7.48 9.6 2.19 5.48 
38) 52) 13.0 6.5 2295 7.38 OR Dats 5.45 
3.4 Smal 12.8 6.6 292 30 9.8 2.16 5.40 
Sa) SO) 125 Gi 2.88 720 SES: 22 Seem RSS 
3.6 4.85 12225 6.8 2.85 NS 10.0 Dai3 es 
Sin 4.75 12.00 6.9 Diy? 7.05 10.1 Zou 5.28 
3.8 4.63 es 7.0 2.79 6.98 10.2 2510 525 
3.9 4.52 11.50 isl KE 6.90 10.3 2.09 bs 
4.0 4.43 Ve 25 7 .2 Defy 6.83 10.4 2.07 bya its 
4.1 4.33 11.00 Usk 2h) 6.75 10.5 2.06 pe) 
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TABLE XVI—Concluded 


SOs Depth S SOs Depth 
Mg. Cm Meg. Mg. Cm 
5.10 15.4 1.59 3.98 20.2 
5.08 05 1.59 3.98 20.3 
5.05 15.6 1.58 3.95 20.4 
5.03 eS To 3.93 205 
5.00 15.8 1757 3.93 20.6 
4.95 189 1.56 3.90 20.7 
4.93 16.0 1.56 SEW 20.8 
4.88 16.1 eS 3.88 20.9 
4.85 16.2 1.54 3.85 21.0 
4.83 16.3 1.54 3.85 Dre 
4.80 16.4 i053 3.83 DR? 
4.78 16.5 1253 3.83 Dies 
4.75 16.6 1.52 3.80 21.4 
4.73 16.7 1,52 3.80 Dine 
4.70 16.8 1.54 3.78 21.6 
4.68 16.9 1.50 ee) DT, 
4.65 17.0 1.50 ab 76> Pi hsess 
4.63 er es | 1.49 = Se Ei miles] 
4.60 Wisz 1.49 evi) 22.0 
4.58 W733 1.48 8570 22a 
4.55 17.4 1.47 3.68 SIR 
4.53 ile As 1.47 3.68 2253 
4.50 L7G 1.46 3.65 22.4 
4.48 ee 1.45 Bros 2255 
4.45 17.8 1.44 3.60 2226 
4.43 17-9 1.44 3.60 20S, 
4.40 18.0 1.43 3.58 22.8 
4.38 18.1 1.43 3.58 MS) 
4.35 18.2 1.42 eyes) 23.0 
4.33 18.3 1.41 Bn 53 pen 
4.33 18.4 1.41 3.53 23.2 
4.30 18.5 1.40 350 Hees 
4.28 18.6 1.40 3.50 23.4 
4.25 18.7 1.39 3.48 23.5 
4.25 18.8 1.38 3.45 23.6 
4-23 18.9 1.38 3.45 2357 
4.20 19.0 3 3.43 23.8 
4.18 19.1 {oy 3.43 23,9 
4.15 1972 1.36 3.40 24.0 
4.15 19:3 1235 SIMs) 24.1 
4.13 19.4 Peas 3.38 24.2 
4.10 19.5 1.34 37.35 24.3 
4.08 196 1.34 3.35 24.4 
4.05 NERV Ae Sse) 24.5 
4.05 19.8 i Epo ee) 24.6 
4.03 19.9 es? 3na0 24.7 
4.00 20.0 speek 3.28 24.8 
- 4.00 20.1 1.30 B25 24.9 
25.0 
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CHAPTER VI 


INTERPRETATION OF INDUSTRIAL WATER ANALYSIS 


General Principles 


207. Knowledge of water chemistry is not yet at such a stage of 
development that a routine procedure or a set of standards can be given 
according to which a person with little experience can foretell the exact 
behavior of a water by inspecting its analysis. Nevertheless an accu- 
rate quantitative prediction can be made of the action of most waters 
when used for certain purposes and an accurate qualitative prediction 
of their action under most conditions. For example, the behavior of 
a water towards soap can be told at once from the analysis and even the 
amount of soap that will be destroyed by the water can be calculated. 
In a qualitative way the formation of scale and sludge can also be pre- 
dicted and in many cases an accurate estimate of the quantity of the 
deposits can be made. Foretelling the exact nature of a deposit from 
a water, however, requires experience and chemical sense, and these 
qualities must be brought more and more to bear upon an analysis to 
prophesy concerning its probable corrosive and foaming tendencies. 
Even on these points, however, the analysis of some waters can be 
interpreted by the merest beginners. For example, the author’s first 
consulting job was to decide whether a given mine water was the cause 
of a severe corrosion of the pumps. Since the water instantly turned 
blue litmus paper red it was fairly easy to decide. 

208. In the following paragraphs some of the fundamental prin- 
ciples of interpretation will be given. If followed, they will enable 
any one to judge something at least of the behavior of a water from its 
analysis. The discussions apply only to the uses designated and have 
special reference to the statement of analyses employed in this Bulletin. 
No application to the medicinal qualities of water or to its wholesome- 
ness for drinking is intended. It is assumed also that the reader is 


familiar with the chapters VIII, LX, and X. 
Household Use 


209. The objectionable qualities of a water for general household 
use are turbidity, sediment, odor, color, hardness, and iron. The 
higher the value of these characteristics the worse is the water. A 
hardness of 100 parts per million is about the upper limit of tolerance. 
Above that value the use of the water with soap becomes objectionable. 
Iron should be lower than 0.5 part per million or brown spots will appear 
on laundered clothes and bath room and kitchen equipment will be 
stained where the watex, drips on it. 
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Commercial Laundries 


210. The quality of the water should be the same as that for house- 
hold use. Iron ought to be absent or at least not more than 0.1 p. p. m. 
Excellent work can be done with water of 100 parts hardness but there 
will of course be a considerable waste of soap. This soap consumption 
ean be calculated with the equation in paragraph 270. Large laundries 
will soften or treat the water and therefore the distribution of the total 
hardness between the carbonate and non-carbonate forms determines 
in no small degree the value of the water because it is much less costly 
to remove the carbonate hardness than the non-carbonate kind. 


Seale Formation 


211. In a general way the scaling tendency of a water is pro- 
portional to the hardness, but the following considerations must be kept 
in mind. Temporary or carbonate hardness causes soft, non-adhering 
sludge and permanent or non-carbonate hardness causes hard, strongly 
adhering scale. If the hard, adhering type of scale is large in amount 
it will under certain conditions entangle and cement into its structure 
some of the carbonates which would otherwise deposit as loose mud. 
Some waters may then deposit hard scale out of proportion to the 
permanent hardness. It is reasonable to suppose that the opposite 
effect may also take place, namely, that in the presence of much tem-. 
porary hardness the deposited carbonates may at times be more than 
the hard scale ingredients can cement together and the scale though 
adhering will be soft and easy to remove. The character of the scale 
will therefore vary according to the relative amounts of the carbonate, 
sulfate, and calcium ions. In this connection, however, paragraph 285 
should be read. 


Corrosion 


212. Corrosion is exceedingly difficult to predict in the case of the 
hard waters of Ohio because they form protective coatings of scale. 
Moderate scaling and corrosion may, however, go on simultaneously 
and the present state of our knowledge is not such as to afford rules 
for prediction. A soft or even a moderately hard water is fairly certain 
to be corrosive unless its dissolved oxygen has been removed. In all 
cases, however, the conditions under which a water is used must be 
considered. Many waters, for example, are non-corrosive in the cold 
but cause severe pitting in heating pipes and boiler tubes. 


Foaming 


213. A consideration of paragraphs 385 and 386 will indicate that 
the foaming tendencies of a boiler water are proportional to the sodium 
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salts with, however, the exception that foaming will not take place on 
account of the sodium salts alone. Finely divided solids must also be 


present. 
The Stabler Equations 


214. So far as the author is aware the only comprehensive scheme 
for interpreting an industrial water analysis is that of Stabler.%* He, 
however, put all of his rules into mathematical form, and gave so little 
explanation of the philosophy of his plan and of the meanings of the 
terms in his equations that engineers and even many chemists have 
been slow to use his methods because they do not understand them. 
On the other hand, a few have perhaps gone to the opposite extreme and 
blindly use these equations in the belief that because they are in mathe- 
matical form they are expressions of absolutely correct scientific theories 
not included in other methods of interpretation. Both groups, it is 
believed, will be interested in the following presentation. 

215. Inthe first place, it should be said that Stabler’s plan is based 
on the same principles that underlie other plans. Soap-consuming 
power is computed on the amount of soap-destroying bases as shown 
by the analysis. The equations for calculating the amounts of lime 
and soda ash for softening a given water are the same as those given in 
another form in Chapter XI. The “foaming coefficient” is nothing 
more mysterious than the amount of sodium and potassium salts calcu- 
lated from the amounts of sodium and potassium ions given in the 
analysis. The coefficient of corrosion is an effort to express the hydrogen 
ion concentration of the water when subjected to steam boiler conditions, 
and the scale formulas merely sum up the well-known scale-forming 
constituents of the water. 

216. Stabler of course uses eee values (53) in his equations, 
and employs coefficients that will give quantitative answers to such 
questions as (1) how much will the water foam in a steam boiler; (2) how 
much will it corrode; and (3) how much and what kind of scale will it 
deposit? In other words, the Stabler equations attempt to interpret 
the analysis. 

217. In the following paragraphs the equations will be given 
with the numbers employed in Stabler’s article in Water Supply Paper 
274 of the U. S. Geological Survey. Detailed statements and explana- 
tions will be added for each equation and, as far as possible, the interpre- 
tative parts will be given in Stabler’s own words. 


Foaming 


218. In the sections devoted to the discussion of foaming Stabler 
calls attention to the fact that among the substances which cause this 


- ee 60, 355 (1908). Also U. S. Geol. Survey Water Supply Paper 274, 
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trouble sodium and potassium salts greatly predominate. He therefore 
measures the tendency to foam in terms of these salts, and calls the parts 
per million present the “foaming coefficient” of the water. Since this 
at best is only an approximation nothing would be gained by accurately 
calculating the amount of sodium and potassium salts present and 
consequently the equation which is based on the ionic analysis uses a 
factor which gives the average of a mixture of chlorides, sulfates, and 
carbonates, the commonly occurring salts of sodium and potassium in 
water. The equation is as follows: 


(8) Foaming coefficient f=62rNa+78rK =2.7Na+2K. 


219. Stabler uniformly gives two equations in one of which the 
reacting values—designated by r followed by the symbol of the ion—are 
employed and in the other the parts per million as shown in the analysis, 
designated by the symbol alone. For example, in the foaming equation 
above, the second part is read, 2.7Xp. p. m. of Na+2 xp. p. m. of K. 


Notes 


220. The factor 2.7 is the average of the three chemical factors, Na to NaCl, Na 
to NaeSO. and Na to NazCO;. The factor 2 is derived in the same way. The same 
results are obtained by multiplying the reacting values of the sodium and potassium 
by 62 and 78. These numbers are averages of the combination factors (88). 


221. Asin the last part of the equation, it would have been simpler and equally 
as good to have called the foaming coefficient the amount of sodium and potassium 
ions in the water. Such a value, however, would not have been comparable without 
calculation with the sodium and potassium salts as usually given in a water analysis. 
The value 2.7Na+2K will be found very close to the sum of the salts and therefore 
is directly comparable with that sum. ; 

222. Stabler does not consider the action of finely divided solid matter which 
seems to be a necessary factor in foaming (385 and 386). This, however, need not 
affect the validity of the equation because, in an Ohio boiler at any rate, the solid 
matter is always present and therefore the foaming will be proportional to the con- 
centration of the alkali salts. 

The following discussion which shows how to use the foaming coefficient in 
interpretation is quoted from Stabler’s paper: 

223. “The steam engineer is interested more in the number of hours his boiler 
may be run under ordinary load without danger of foaming than in the coefficient 
given above. This is really a combined index of priming and foaming. and may be 
calculated from the formula: 


(8a) Run in hours: Rh=~ : — 1) 


in which a=water capacity of boiler, b=hourly quantity of feed water used, f=foam- 
ing coefficient, and c is a constant which represents in parts per million the concen- 
tration of salts that will cause excessive foaming in the type of boiler under consid- 


eration. 
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224. “The usual remedy for foaming is blowing off a portion of the highly im- 
pure water and replacing it with fresh feed water. If a in the foregoing formula be 
made to represent the amount of water blown off at any time, the expression will 
indicate the length of time that may with safety elapse before blowing off again. 


“The following approximate values have been determined for the constant c 
for various types of boilers and are here adapted from Christie’s ‘Boiler Waters.’ 


Locomotive bothers 2625 ceca ce See ee Ona 2,500 to 3,500 
Sticling (bolers <, Shits dace teheot sees oe ee oe eee 4,000 to 5,000 
Modern water-tube boiler (such as the Babcock & Wilcox 

on Heine): s aatomasee ee isn See ee ee eee 5,000 to 7,000 
Horizontal return tubular boiler......................... 8,000 to 10,000 
Old=styletwo-flue-boiler=s46 nee ee eee nee eee eee 17,000 
225. “From these figures it appears that the locomotive boiler is the type most 


likely to give trouble on account of foaming and offers, therefore, a satisfactory basis 
for an arbitrary classification of waters according to their foaming tendency. A non- 
foaming water may be defined as one that can be used in a locomotive boiler through- 
out one week’s work without foaming; a semi-foaming water as one that can not be 
used so long as a week, but one that will require one complete water change to avoid 
foaming in a locomotive boiler not oftener than every two days; and a foaming water 
as one that can not be used so long as two days in a locomotive boiler without blowing 
off or changing water to prevent foaming. Accepting these conditions, the following 
approximate classification of waters will result: 


(1) Nonfoaming: f not greater than 60. 
(2) Semifoaming: f greater than 60, but not greater than 200. 
(3) Foaming: f greater than 200.” 


Corrosion 


226. ‘The theory upon which the corrosion equation is built is 
purely that of the hydrogen ion concentration of the water in the boiler. 
The assumption is made that the dissolved gases in the water when it 
enters the boiler are driven out with the steam and no longer play a 
major role. Three hydrolytic reactions are given which produce hydro- 
gen ions, namely, 


(1) 2Al+3H,0=AlL0;+6H 
.(2) Fe + H,O=FeO +2H 
(3) Mg + H:O=Mg0+2H 


and two reactions which cause the recombination of hydrogen ions, 
namely, 


(4) H +HCO; am H,O0+CO; 
(5) 2H+CO; =H,0+CO; 


227. Reactions 4 and 5 counteract the effect of reactions 1, 2, and 
3, and consequently the values for HCO; and CO; are subtracted in the 
equations below. The métals in reactions 1, 2, and <3aré- ions. ines 
more familiar form, No. 3 for example would be written, 
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MeCh +H:0= Me(OH):+2HCI 


228. The “coefficient of corrosion,” according to the Stabler 
equations below, is the net concentration of hydrogen ion in the water 
in the boiler. It is the sum of any hydrogen ion in the water plus that 
resulting from the hydrolysis of aluminium, iron, and magnesium salts 
minus that removed by carbonates and bicarbonates. 

(9) Coefhicient of corrosion, c. 


c=1.008 (rH 4+rAl+rFe-+1Mg—rCO;—rHCO;) 
=H-+0.1116 Al+0.0361 Fe+0.0828 Mg—0.0336CO;—0.0165HCO; 


Stabler’s final discussion and rules for interpretation are as follows: 


229. “One of the first occurrences in a boiler is the precipitation of at least a 
part of the carbonate and bicarbonate radicles as calcium carbonate. Such pre- 
cipitate can be acted upon, the calcium being returned to the chemical system to re- 
place the hydrogen which forms water and carbon dioxide with the carbonate radicle. 
The extent of such action is not well defined. With a maximum precipitation of 
calcatum carbonate and a minimum action upon the same, the effect of the carbonate 
and bicarbonate radicle in the above formula may be reduced by 1.008 rCa or .0503 
Ca. The foregoing considerations afford an excellent basis for the classification of 
waters according to their corrosive tendencies. Three classes may be distinguished 
as follows: . 

(1) Corrosive - If c be positive, the water will certainly corrode the boiler. 

(2) Non-corrosive. If c+.0503 Ca be negative, no corrosion will occur on ac- 
count of the mineral constituents in the water. 

(3) Semi-corrosive. If ¢ be negative, but c+.0503 Ca be positive, corrosion 
may or may not occur, the probability of corrosive action varying directly with the 
value of the expression c+.0503 Ca.” 


Notes 


230. . The equations aim to give the parts per million of hydrogen ions and 
therefore the factors are such as do this. 

231. It will be observed that this “‘coeficient of corrosion” takes no account 
of dissolved oxygen which for practical purposes is the only cause of water corrosion 
(317). However, this does not altogether invalidate the equation. Unless specifi- 
cally removed, oxygen is always present in a water and therefore in most cases the 
interpretation of Stabler will hold as well as any. (In this connection paragraph 353 
should be read.) It must be remembered though that the concentration of oxygen 
is sometimes reduced without having the operation so labeled, as when the water 
goes through an open heater. Such facts, therefore, must always be known, 


Scale Formation 


232. The equations giving the measure of scale formation are based 
on the following reactions which, as Stabler says, are not intended to 
show the changes that take place in the boiler but to show the result of 


such changes. 


4 INDUSTRIAL WATER SUPPLIES OF OHIO 


2A1+3H,O =Al,O; +6H 

Fe+ HO =FeO +2H 
Mge+ H.O =MgO +2H 

Ca+ CO; =CaCOs 
Ca+2HCO;=CaCO;+ H.0+CO, 
Ca+ SO, =CaSO, 

H+ HCO;=H.0+CO, 

2H+ .CO; =H20+CO, 


233. The last two equations are put in merely to show that the 
CO; and HCO; ions may pair with H as well as with Ca and thus introduce 
an uncertainty into the distribution of Ca between CO; and SO, This 
necessitates the use of an averaging factor for calcium which will be 
explained below. 

234. The equations give the pounds of scale formed by 1,000 
gallons of water. See Note 1 for meaning of Sm and Cm. 


(10) Scale (Sc) =0.0083 Sm+0.0083 Cm+0.3 rFe+0.142 rAl+0.168 rMg+0.492 
rCa=0.0083 Sm+0.0083 Cm+0.0107 Fe+0.0157 Al+0.0138 Mg+0.0246 Ca 


“In this formula the. value of rCa used should not be in excess of rCO;+rHCO; 
+rSO,. (Ca should not exceed 0.668 CO3+0.328 HCO:+0.417 SOx,)” 


Stabler’s interpretation of these equations is quoted from his paper: 
p q q pap 


235. ‘Formula (10) shows the amount of scale and sludge likely to be deposited 
in a boiler operated under the usual conditions of modern practice and its value will 
never differ widely from the ‘‘total incrusting matter’ frequently reported from an 
estimation of hypothetical combinations of radicles. It is of equal importance to 
know whether the matter deposited will form a hard scale. The following formula 
shows in pounds per 1,000 gallons the probable amount of hard-scale-forming material 
in the scale: 


(11) Hard scale (Hs) =.00833 Si0.+.168 rMg+.567 (rCl+rSO,—rNa—rK) 
=.00833 SiOz+.0138 Mg+(.016 Cl+.0118 SOs—.0246 Na—.0145K) 
The value used for the parenthesis of this formula must not exceed rSQx or rCa (.0118 
SO, or .0283 Ca in the second form) nor should it be less than zero. 


236. “‘Dividing the value of formula (11) by the value of formula (10), a factor 
will be obtained which may be called the coefficient of scale hardness. This factor 
shows the proportion of the total scale that is likely to form a cement-like substance 
upon the boiler tubes and is therefore an index to the probable hardness of the scale 
that will be deposited. Thus: 

Hs 


(12) Coefficient of scale hardness, = 
c 


From formulas 10, 11, and 12, waters may be classed as follows: 

(1) Soft scale: h not more than .25. 

(2) Medium scale: h more than .25 but not more than .5. 

(3) Hard scale: h more than .5. 

In addition, the following classification may be used as a prefix to the preceding: 
(1) Very little: Sc not more than 1. 

(2) Little: Sc more than 1, but not more than 2. 

(3) Much: Se more than 2, but not more than 4. 

(4) Very much: Sc moréthan 4.” 


a 
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237. The symbol Sm means suspended matter and Cm means colloidal matter. 
The factor 0.0083 transposes parts per million into pounds per 1,000 gallons. An in- 
spection of specimen analyses and their interpretation as given in Stabler’s article 
leads one to think that if colloidal matter, which consists of SiQ,-+Al,O3 + Fe,0s, is 
included, the iron and aluminium are not included in the equation. 


238. The factors in the scale equations have the usual significance. On the 
basis of the reactions above they are the chemical factors for transposing parts per 
million or reacting values into pounds per 1,000 gallons. The ones for calcium, how- 
ever, require special mention. As noted above, there is uncertainty regarding the 
distribution of calcium between carbonate and sulfate. One part of calcium would 
produce 2.5 parts of scale in the form of calcium carbonate or 3.4 parts in the form 
of calcium sulfate. Stabler avoided this dilemma by using the mean of these two 
factors or 2.95. In the second equation under (10) the scale factor for calcium is 
therefore 2.95 X0.0083 =0.0246, which means that the parts per million of calcium 
in the water multiplied by this factor gives the pounds per 1,000 gallons of mixed 
carbonate and sulfate of lime deposited in the boiler. 


239. Calcium should not be in excess of that which can react with the COs, 
HCOs, and SOx in the water because it is with these ions only that calcium forms scale, 


240. Equation (11) is based on the assumption that all of the Si0. and Mg 
and part of the SQ, go to the formation of hard scale, which may be considered a mix- 
ture of silica, magnesia, and calcium sulfate. The portion of the equation in the 
parenthesis determines what part of the SQ, shall be counted. The assumption is 
made that it will all be counted except what is combined with or balanced by the 
sodium and potassium. This is a fair assumption because none of it will be with 
the magnesium since magnesium sulfate is supposed to hydrolyze in the boiler and give 
magnesium oxide. The only other positive ions are those of calcium, sodium, and 
potassium. The only portion of the sodium and potassium that can combine with 
the SO, is the part, if any, which is not combined with Cl, consequently the term 
(rCl+rSO;—rNa—rK) is a measure of the SO, in excess of that combined with sodium 
and potassium. The factor 0.567 gives the calcium sulfate equivalent in pounds per 
1,000 gallons. 


241. Certain limitations, however, must be set-to the possible values of the 
term in the parenthesis. These are pointed out by Stabler. For example; it is obvious 
that calcium sulfate can not form in excess either of the SOx, or of the Ca, and there- 
fore the value of the parenthetical term must not exceed rSO4 or rCa. If rNa+rK 
is greater than rCl+rSOx, the value is negative or less than zero. This means that 
all of the SO, is combined with the sodium and potassium and consequently there can 
be no calcium sulfate. 


242. In addition to the interpretative equations given above, 
Stabler has two which are pure calculations, one gives the soap-con- 
suming power of a water and the other the lime and soda ash required 
for softening a water. ‘These are given in this place in order to have all 
of the Stabler methods?® together. 


2Tn Stabler’s papers there are also equations for irrigation water, but since these 
have no application in Ohio they are not given. 
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Soap-Consuming Power 


243. The equations are based on Whipple’s data which are dis- 
cussed in 269. They give the cost, in cents, of soap, at 5 cents a pound, 
that will be consumed by 1,000 gallons of water. 


(4) Soap cost=11+50.05 (rFe+rAl+rCa+rMg+rH) =114+1.79 Fe+5.54 Al+ 
2.5 Ca+4.11 Mg+49.6 H 


Notes 


244. All of the substances that react with soap are included in the equation. 
For practical purposes calcium and magnesium only need be included. The equation 
then becomes, soap cost=11+50.05 (rCa+rMg). The equation in 269 is simpler to 
use with the analyses as given in this Bulletin. 


245. The significance of the 11 in both equations is the same as that of the 2 
in the equation given in 269. With soap at 5 cents a pound (Whipple’s value) this 
equation becomes 10+H.*° 


246. In both equations the part following the constant 11 is merely an ex- 
pression for the total hardness. In the second equation of the pair the numbers pre- 
ceding the symbols are the chemical factors for calculating the ions into the corres- 
ponding amounts of hardness, that is, into the equivalent of calcium carbonate. The 
constant 50.05 in the first equation is the factor for multiplying reacting values to 
obtain the equivalent amount of hardness or calcium carbonate. It is a combination 
factor as described in 87. 

247. Whipple’s data were compiled in 1907 in which year 5 cents a pound for 
average soap was justified. To bring the equation to any particular price of soap 
(1) multiply the price by 2 and substitute the value obtained for the 11; (2) multiply 
the price by 0.2 and use the result as a constant multiplier for all the numerical factors. 
For example, if the price of soap is 9 cents the equations become, 


Soap =18+(1.8 50.05) (rFe+rAl+rCa+rMg+rH) 
Soap =18+1.8 (1.79 Fe+5.54 Al+2.5 Ca+4.11 Mg+49.6H) 


Water Softening Calculations 


248. The equations give the pounds of 90 per cent lime and 95 
per cent soda ash required to soften 1,000 gallons of water. 


(5) Lime required=0.26 (rFe+rAl+rMg+rH+rHCO;+0.0454CO,) =0.00931 
Fe+0.0288 Al+0.0214 Mg+0.258 H+0.00426 HCO;+0.0118 CO.) 


(6) Soda ash required=0.465 (rFe+rAl4+rCa+rMg+rH—rCO;—rHCO,) = 
0.0167 Fe+-0.0515 Al+0.0232 Ca+0.0382 Mg+0.462 H—0.0155 CO;—0.00763HCO:) 


249. The coefficients used in these equations are, with the excep- 
tions noted below, merely factors for multiplying the reacting values 
or the parts per million, as in the last parts of the equations, for obtain- 


—80The author is unable to“get the value 11 from Whipple’s data. Perhaps he 
too does not understand the Stabler equation. 


ot 


eo 
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ing the required number of pounds of lime per 1,000 gallons of water. 
The number 0.0454 before the CO: in the lime equation is the reaction 
coeflicient of carbon dioxide. It is not in Stabler’s table and therefore 
had to be inserted. 

250. The derivation of the factor 0.26 is as follows: Since lime 
(CaO) is to react with all of the substances in the parenthesis, it is evi- 
dent chemically that the reacting value of the required lime will be 
equal to the sum of the reacting values of those substances. The problem 
then is to find a factor for converting this reacting value into pounds 
per 1,000 gallons. Dividing rCaO by the reacting coefficient of CaO, 
0.0357, gives the corresponding parts per million. Multiplying the 
p. p. m. by 0.0083 gives pounds per 1,000 gallons. This in turn must 
be divided by 0.90 to get the equivalent of 90 per cent lime. 


rCaO X0.0083 


ae r= Ses eRe eS 
-0.0357 X0.90 x 


The factor 0.465 in the first equation of (6) is derived in the same 
general way. 

251. The subtraction of the CO; and HCO; terms in (6) seems 
puzzling because at first glance it would appear that the soda ash pre- 
cipitates nearly all the substances that are also precipitated by the lime. 
To understand this situation one must recall that if a positive ion is 
precipitated or neutralized with lime, a chemically equivalent amount of 
calcium remains in solution and must subsequently be precipitated 
with soda ash, unless the positive ion had been combined with CO; or 
HCO;. In these cases the added calcium is also precipitated. (See 
406.) It is obvious then that though the lime will precipitate all of the 
iron, aluminium, and magnesium and neutralize all of the hydrogen 
ions, an exact equivalent of calcium will remain and will require its 
quota of soda ash, excepting in those cases in which the positive ion 
acted upon by the lime was combined with CO; or HCO;. Consequently 
the equivalent of these ions is subtracted. 

252. It also follows, as Stabler points out, that e the values for 
CO; and HCO: exceed the sum of the others, in other words if a negative 
result is obtained in (6), no soda ash will be required. 

253. Stabler also calls attention to the fact that since iron, alum- 
inium, and hydrogen ions are rarely present in significant amounts they 
may be omitted from the formula for practical use. Bartow and 
Jacobson® suggest the following simplification of the equations: 


Lime =0.0052 (4.16 Mg+Alk+2.27CO;z) Ibs. per 1,000 gallons, 90% CaO. 
Soda ash =0.0093 (4.16 Mg+2.5 Ca—Alk) lbs. per 1,000 gallons of 95% NazCOs. 


31[]linois Water Survey Bulletin 8, 88 (1911). 
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“Alk’” in these equations is the same as the carbonate hardness as 
used in this Bulletin. 

254. <A footnote on page 170 of the article in Water Supply Paper 
274 calls attention to the use of barium carbonate in place of some or 
all of the soda ash if much sulfate is present in the water (430), and 
gives the following formula for determining the minimum amount of 
soda ash that may be employed under such conditions: 


Soda ash (NazCOs) =0.0131Cl+0.0075NO;—0.0202Na—0.0119K. 


In this equation the chemical symbols stand for parts per million 
and the factors are those which give the chemically equivalent number 
of pounds of 95 per cent soda ash per 1,000 gallons of water. It gives 
the soda ash requirement of the total nitrates and chlorides in the water 
less the nitrate and chloride combined with sodium and potassium, in 
other words, it gives the soda ash required by the nitrates and chlorides 
- of calcium and magnesium. If the equation gives a negative value it 
means that all of the hardness constituents are present as sulfates and 
therefore no soda ash should be used. If the result is positive it should 
be subtracted from the soda ash value obtained in equation (6) to get 
that portion of the soda ash requirement for which barium should be 
substituted. The ratio is 1.77 lb. barium carbonate = 1 |b. soda ash. 


oN 


CHAPTER VII 


HARDNESS AND WATER IN THE HOUSEHOLD 
The Behavior of Water in Use 


255. The particular behavior of a water in use is of course de- 


termined largely by the particular use to which it is put, but, in general, 


it can be stated that as soon as one begins to handle the average water, 
for-example, pump it, pour it, or convey it in pipes, that soon will the 
water begin to change and exhibit some form of behavior, usually bad. 
Dissolved gases such:as carbon dioxide and hydrogen sulfide escape and 
air (oxygen and nitrogen) dissolve in the water. This escape of some 
gases and the taking up of others produces striking effects in many 
waters. 
Hardness 


256. The hardness or soap-destroying property of water is due 
to certain basic ions and is independent of the accompanying acid ions. 
The basic ions which cause hardness are those of the alkaline earths, 
barium, strontium, calcium, and magnesium, and of the iron group. Of 
these latter iron and aluminium are the only ones usually present in 
a water. Sodium and potassium though present in small amounts 
do not cause hardness. Of the list given above, calcium and magnesium 
are the only ones likely to be in a water to a sufficient extent to affect 
the hardness, and therefore the others need not be considered. 


257. Though the soap-destroying action of hardness is due only 
to the basic ions, the behavior of the water in depositing scale and sludge 
and the nature of such deposits are determined largely by the acid ions 
in solution. Under the old nomenclature this fact is stated by saying 
that the form of combination of the calcium and magnesium determines 
the nature of the scale and sludge. For example, the incrustations 
depositing from water in the cold and the loose sludge that forms when 
hard water is boiled are due to the bicarbonates of calcium and mag- 
nesium, Ca(HCOs;)2 and Mg(HCOs;).. These compounds decompose 
easily and form insoluble carbonates. (See 496 and 497 for the chemical 
discussion.) The hardness removed in this way 1s called temporary 
hardness. — 


258. The hardness caused by the salts of calcium and magnesium 
other than the carbonates and bicarbonates is called permanent because 
it is not affected by heating the water. The sulfates, chlorides, and 
nitrates of calcium and magnesium make up the bulk of the permanent 


(77) 
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hardness. Calcium sulfate is fairly insoluble and will therefore pre- 
cipitate if the water is evaporated. 

259. Various other terms in addition to “temporary” and “per- 
manent” have been employed to designate the two types of hardness. 
For example, “alkalinity” was used some years ago in place of temporary 
hardness because the bicarbonates of calcium and magnesium are alka- 
line and the method of determining them consists in titrating the water 
with acid. At the same time “incrustants” took the place of “per- 
manent hardness” on the theory that that word expressed the peculiar 
characteristic of that form of hardness. These terms “alkalinity” 
and “incrustants” are now but little used and the Committee on Standard 
Methods of Water Analysis recommends the discontinuance of the 
expressions “temporary” and “permanent” as descriptive of hardness, 
and the use of the words “carbonate” and ‘‘non-carbonate”’ because, 
with proper definitions, these more nearly express the true state of the 
water. In effect, carbonate hardness means that part of the hardness” 
which is due to the bicarbonates of calcium and magnesium, and non- 
carbonate hardness is the rest of the hardness or the total hardness less 
the carbonate hardness. A critical chemist, however, having in mind 
the methods by which the two kinds of hardness are determined must 
use the definition given in Standard Methods (page 27, 1923 ed.), namely, 
“When the total hardness is greater than the carbonate and bicarbonate 
alkalinity, the amount of hardness equivalent to the alkalinity is called 
carbonate hardness and the amount of hardness in excess of this is 
called non-carbonate hardness.” As a definition this is intended to 
be water-tight.’ In all strictness, temporary hardness is that part of 
the total hardness which,is removed by boiling. It does not exactly 
correspond to the calcium and magnesium bicarbonates in the water. 


Water in the Household 
Miscellaneous Effects 


260. ‘The incrustations seen in vessels in which hard water has 
stood consist of calcium carbonate which precipitated because carbon 
dioxide escaped from the water to such an extent that the carbonate 
could no longer be held in solution. The brown color frequently ob- 
served is due to iron. 

261. Some waters though clear when first pumped become cloudy 
on standing and eventually deposit a gray or brown precipitate. This 
behavior is caused by iron or hydrogen sulfide or both. Iron in most 
ground waters is in the form of ferrous bicarbonate which, like calcium 
bicarbonate, decomposes when carbon dioxide escapes from the water. 
The white solid which first separates is probably ferrous carbonate. 
Through the action of the oxygen taken up from the air this ferrous 
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compound is slowly transformed into a basic ferric salt which changes 
in color as the transformation proceeds. The fine particles which had 
formed at first also collect together till eventually the precipitate settles 
to the bottom as a brownish deposit. ‘This renders the water unsightly 
but does not indicate unwholesomeness for drinking. If such a water 
is used in the laundry the iron will deposit in the fabrics and produce 
“rusty” spots. Iron in the water is also the cause of brown spots on 
plumbing fixtures. The same effects will also be produced by a few 
tenths of a part per million of manganese in a water. 

262. If a water contains hydrogen sulfide, easily recognized by 
its odor which is that of rotten eggs, there is also a change in appearance 
on exposure to the air. The oxygen of the air decomposes the hydrogen 
sulfide in such a way that the sulfur separates in the free state and makes 
the water turbid or milky. This turbidity is white because very finely 
divided sulfur has that appearance. In time the fine particles clump 
together and settle to the bottom. Sometimes a clear water on ex- 
posure to the air turns black. This is caused by the combined action 
of iron and hydrogen sulfide in the water and oxygen from the air, which 
forms sulfide of iron, a black substance. Sulfur waters are suitable for 
drinking if a taste for them can be acquired. 

263. Iron in a water is the cause of “inky” cold tea sometimes 
observed by housewives. The iron reacts with tannin in the tea and 
produces ink. If such water must be used for tea it should first be 
aerated by pouring from one vessel to another and allowed to stand 
till the iron has precipitated and settled out. 

264. The red color that appears sometimes in water, particularly 
from the hot faucet, is due to finely divided basic iron oxide. It does not 
indicate poison. 

265. Municipal water supplies occasionally acquire peculiar odors 
and tastes. These may be due to growths of algae in the reservoir or 
they may come from an incidental action of chlorine used in purifying 
the water. Some waters contain minute amounts of substances capable 
of uniting chemically with chlorine to produce new substances many 
times as odoriferous as the original constituents. Such matter may 
at times come from the decomposition of the traces of organic material 
universally present in water but it is more likely to be due to coal-tar 
products that have entered the water through industrial wastes. When 
such odors occur the consumer should remember that the superintendent 
of the water purification plant is more anxious than any one else to get 
rid of them. 

266. Surface waters are sometimes highly colored by vegetable 
matter dissolved from swamps. In Ohio there are no examples of such 
colored waters so far as the author knows, but many of them are found 
in New England. 

267. The corrosion or pitting of steam and water pipes with con- 
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sequent formation of leaks is in most cases due to the water rather 
than to the metal. Soft waters are more likely to cause leaks than 
hard waters. For further particulars the reader must be referred to 
the more technical matter in the chapter on corrosion, 


Waste of Soap Due to Hard Water 


268. The action of hard water on soap is due to salts of calcium and 
magnesium. ‘These salts react with the soap to form slimy, insoluble 
compounds which are easily seen in the water before a lather begins 
to form. The formation of these slimy compounds uses up soap and 
therefore the harder the water the more soap is consumed before lather 
is formed, and since the soap exerts no cleansing action till it lathers, 
it is clear that hard waters require more soap than soft waters. 

269. Whipple® studied the effect of hardness on soap and found 
that below 20 parts per million of hardness relatively more soap is con- 
sumed than in the case of higher hardness. For example, 6 lbs. (in 
round numbers) of average soap is required to soften 1,000 gals. of 
water of 20 parts hardness and 22.2 lbs. if the hardness is 100. 

270.33 An inspection of Whipple’s tables shows that the first 20 
parts per million of hardness consumes soap at the rate of 0.3 lb. per 
1,000 gals. per part of hardness but that after that point is passed the 
rate is uniformly 0.2 lb. till 200 parts is reached. If the rate of 0.2 
lb. is taken as that of the whole range from one part up, the excess of 
0.1 lb. over the first 20 parts of hardness can be put into the formula 
as the constant 0.1 x 20=2. The following simple equation is then ob- 
tained in which H equals the total hardness: 


Pounds soap consumed per 1,000 gallons =2+0.2 H 


271. The wastage of soap in the household requires an estimate 
of the amount of water used with soap. It is a difficult estimate to 
make but the author has attempted it on the basis of measurements 
made in his own home. Two cases must be, considered. First, in 
washing dishes and in the laundry, soap is added to water till a per- 
manent lather forms. In other words, all of the water is softened before 
any soap becomes available for cleaning. The measurements showed 
that about 500 gallons of water a year are used in washing clothes and 
1,000 gallons in washing dishes. These figures seem small but it must 
be remembered that they refer only to the water completely softened by 
soap. In laundry work, for example, the rinse water is not included. 

The Value of Pure Water, John Wiley & Sons, p. 27. 

The matter in paragraphs 266 to 276 inclusive is taken from a paper by the 


enon is Value of Softened Water, News Edition, Ind. and Eng. Chem., Aug. 

* #The table shows a distinct falling off in the soap consumption from 175 to 200 
parts of hardness. Since many Ohio waters run much higher than 2C0 in hardness 
this point should perhaps be investigated. 
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It must also be remembered that dishwashing comes two or three times 
a day while laundry work is a weekly event. The second case involves 
the use of soap in the toilet. Very little of the water in the bowl or tub 
is completely softened by the soap, particularly if the water is very 
hard. Indeed only the small amount actually rubbed on the skin is so 
softened. It is hard to estimate this, but to be conservative it is put at 
20 gallons a year for each person. For a family of five then the total 
amount of water annually completely softened with soap is 1,600 
gallons. 


272. Since some Ohio cities are now softening their water and 
others are considering doing it, it is worth while to give some figures 
to show what such softening of the water means to the average house- 


hold. 


273. Columbus has had municipal softening now for fourteen 
years, and it is interesting to calculate the saving in soap. In 1922, 
which was typical, the raw Scioto River water averaged 288 parts per 
million in hardness, and the softened water, as delivered to the con- 
sumer, averaged 101 parts. The hardness removed was therefore 187 
parts, and on applying the equation above it is seen that on the basis 
of 1,600 gallons of water completely softened each year with soap, 63 
pounds of soap are saved. At 10 cents a pound for household soap 
this makes $6.30. 


274. This loss of soap is, however, not the only item of household 
expense due to hard water. The slimy precipitate formed by the action 
of the calcium and magnesium salts settles in the clothes during washing 
and gives them a grayish, dirty look. Indeed its presence interferes with 
cleansing in whatever way a hard water is used with soap. In addition 
the salts which cause hardness also cause the scale which deposits in 
tea kettles and in the water pipes generally in a house. 


Extra Cost of Soft Water Equipment 


275. There are, however, other items in favor of the household 
use of soft water. Those who live in hard water towns know that the 
average house is supplied with a cistern and a pump for lifting the soft 
water. In the better houses this pump is either electrically driven, or, 
as used to be the case, is operated by the water pressure in the city mains. 
The less expensive houses are equipped with hand pumps. The author 
has recently obtained from a plumbing concern in one of Ohio’s hard 
water cities the following itemized statement showing the additional 
cost of plumbing an ordinary six or seven room house with this double 
system as compared with the plumbing of the same house in Columbus 
or other soft water city. The hard water extras are as follows: 
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1OOhbarnre tester erie ean een ar me rennG $100.00 
Ble€ctrre pump sare ene ae ee 132.00 
Installinespump ees ees rn een ee 15.00 
Extra plumbing for cistern water....... 45,00 

‘Total... oo ae See renee $292.00 


276. With interest at 6 per cent and depreciation and repairs 
at 3 per cent, this extra soft water equipment entails an annual cost of 
$26.28. The low estimate for repairs and depreciation is justified by 
the fact that the moving parts are in operation for only a few hours 
each week. 

Savings Due to Soft Water 


277. As a problem in accounting now, how much does the Colum- 
bus householder save as a result of his municipal softening plant? That 
will depend on his previous practice. If he formerly used the hard 
water he saves the annual wastage of $6.30 worth of soap. If he formerly 
had a double system of plumbing he saves $26.28 a year in interest, etc., 
but not the $6.30 for soap because he formerly had soft water from his 
cistern. If the cistern water had been rain water of zero hardness there 
would have been a greater saving of soap under the old scheme than 
under the present one but since these old cisterns were nearly all built 
of concrete it is doubtful whether they furnished on an average a softer 
water than that supplied at present. One very interesting conclusion 
can, however, be drawn from the Columbus situation. All but the 
poorer houses had the double plumbing and since the average house- 
holder knew little or nothing of the wastage of soap by the hard water 
but considered only the annoyance and trouble incident to its use, it is 
reasonable to conclude that he paid for his extra plumbing not to save 
money on soap but to be spared the annoyance of using hard water. In 
other words, he was willing to expend $200.00 (a fair figure for twenty 
years ago) on extra plumbing merely to add to the comfort of his family. 

The net saving then to the Columbus householder is the annual 
expense of the extra soft water equipment, $26.28, less the extra cost 
of water due to softening. This amount is certainly not more than $3.28 
so that the net saving in money may conservatively be put at $23.00 
a year, and in addition the annoyance and discomfort of hard water 
are removed. 

278. The question now should be raised and answered, what does 
this softening cost the Columbus householder? That cannot be answered 
accurately because the purification plant also filters and sterilizes the 
water so that it is of high sanitary quality. The household rate for this 
highly purified water is 16 cents per 1,000 gallons. Mr. Hoover, the 
superintendent of the plant, has called attention to how inexpensive this 
good water seems if its price is calculated on another basis. It amounts 


HARDNESS AND WATER IN THE HOUSEHOLD 83 


to 3 cents a ton. Where could anything else so valuable be purchased 
at that price, delivered? 


Limit of Municipal Softening 


279. One may also very properly raise the question of pushing the 
softening further than 100 parts per million, which is, after all, a hard 
water. The answer lies both in economics and psychology. When 100 
parts has been reached in softening a very hard water the further re- 
moval of hardness is relatively more costly, by the lime and soda ash 
method. At best the softening could not profitably be pushed much 
below 80 parts per million. The psychology of the situation lies in the 
fact that 100 parts marks the dead line of hardness above which it is 
not safe to leave the water or the superintendent of the plant will be 
showered with complaints. In other words, the people stand for 100 
parts of hardness but not for more. It is worth noting in passing 
that first-class laundry work can be done at home with this amount of 
hardness in the water. 


Palatability of Softened Water 


280. Finally, consumers are often doubtful of the palatability 
of softened water. The author, for example, has frequently been told 
that “while it is very nice to have our clear soft water, yet it doesn’t 
taste quite right.” His invariable reply was, “It is doubtful if you can 
tell the difference.” This, however, was always scouted. Now it is 
possible to refer to a direct experimental test of this question. Lansing, 
Michigan, has a very fine-tasting water but unfortunately a very hard 
one, 360 parts per million. The question of softening was affected 
by the fear that the “chemical treatment” would lower the palatability. 
Indeed this was such a large issue that at the demonstration softening 
plant that was installed, a large scale experiment was made as follows: 
Two drinking fountains were erected and provision made for supplying 
untreated water to one and softened water to the other. Both waters 
were kept at the same temperature. According to the report made 
last summer at the Detroit Meeting of the American Water Works 
Association, about 3,000 persons visited this demonstration plant and a 
careful record was kept of the opinions of 350 people who tried both 
waters. One hundred said that they could not tell the difference and 
did not try to guess. Two hundred and fifty guessed and of these fifty 
were wrong. Of the 200 who were correct, all said that the softened 
water was palatable, they merely could tell the difference. This large- 
scale experiment would seem to dispose of the bugaboo of unpalatability 
of softened water. 
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Soft Water for the Isolated House 


281. Since a supply of clear soft water free from iron is of such 
great value in the household, the question of how to obtain it for an 
isolated house naturally arises. Hard waters can be softened, but 
with the exception of a zeolite system as described in Chapter XI the 
author knows of no general procedure for doing it. If a given hard 
water is of fairly constant composition, as would be the case with well 
waters, a competent chemist could easily devise a mixture for softening 
it, but this mixture would apply only to that particular water. 


282. The most feasible plan for obtaining an isolated household 
supply of soft water in Ohio is to collect rain water. The rainfall in 
Ohio is such that the roof area of the average homestead is ample for 
the gathering of all the water that a household needs. The point at 
which this plan usually fails is in not having a sufficiently large cistern. 
This must be large enough to tide over the longest dry spell. The 
average cistern is only about half that size. 


CHAPTER VIII 
SCALE, BOILER COMPOUNDS, AND INTERNAL TREATMENT 
Scale® 


283. When a water containing dissolved mineral matter is used 
for making steam some of the mineral matter will separate in the solid 
form, and in boiler practice these separated solids are classified according ° 
to their property of adhering to the walls of the tubes or shell of the boiler. 
The part that attaches itself firmly to the interior of the boiler is called 
scale and the portion that does not so adhere, but remains as a loose 
mud, is called sludge or sediment. 


Factors Determining the Adherence of Scale 


284. The tenacity with which scales adhere to the metal of the 
boiler varies greatly. The removal of some requires a hammer and cold 
chisel while others can be washed off with a stream of water. This 
property of adhering is determined by the chemical nature of the deposit 
and that of the material upon which deposition takes place. It is 
likely also that the rate of deposition of the scale plays a role. Since 
boilers are almost universally constructed of steel, the factors involved 
in the material upon which deposition takes place are constant,** and 
therefore the tenacity with which the scale adheres to the metal is con- 
ditioned almost entirely by the nature of the deposit and the rate of 
deposition. Of these, the former is more important. In so far as the 
latter comes into play it is probably in the sense that the deposit will 
be harder and adhere more closely the slower it forms. 

285. Hall, Fischer, and Smith*® have recently advanced the theory 
that in a steam boiler those substances whose solubility decreases with 
increase of temperature form adherent scale, and those substances 
whose solubility increases with increase of temperature form the loose 
sludges. This theory is based on the results of a number of laboratory 
experiments made in a glass apparatus containing a heating element 

25The matter on boiler scale as presented here includes certain general points only. 
In the author’s opinion an extensive discussion of scale would be unprofitable because 
the strategic point of attack on this problem lies in getting rid of the scale-forming 
constituents in the water rather than in studying the scale itself. : eit: 

%There are few if any methods of applying to iron a coating which will withstand 
the conditions in the interior of a high pressure steam boiler, otherwise attempts to 
modify the surface of a boiler might be a profitable field of research. It is worth a 
passing note, however, to record that there is a type of boiler compound that, its manu- 
facturers claim, does this very thing. It is added to the feed water at wide intervals 
of time and a large dose used at each addition. The effect is supposed to be such a 
modification of the surface of the interior of the boiler that scale will not adhere. 

3Jron and Steel Engineer, June, 1924. The same matter is presented in a some- 


what more chemical way ina paper by Hall, “A System of Boiler Water Treatment 
Based on Chemical Equilibrium.” Ind. and Eng. Chem. 17, 283 (1925). 
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of nichrome ribbon, and also on results obtained with boilers of different 
designs. When a solution of calcium sulfate, hydroxide, or chromate 
was evaporated in the glass apparatus an adherent crust formed on the 
hot ribbon. These substances are all less soluble in hot than in cold — 
water. Substances, on the other hand, that are more soluble in hot 
water than in cold (calcium iodate and potassium sulfate were used) 
formed loose non-adherent deposits that separated in the cooler parts 
of the apparatus. The most interesting experiment was made by 
evaporating a solution of calcium sulfate at reduced pressure, below 
35° C., in which region the solubility increases with increasing tempera- 
ture. Under these conditions precipitation did not occur on the hot 
nichrome heating element but on the cooler glass surfaces. Hall and 
his co-workers do not suggest a reason for this relation of adherence 
and localization of the area of least solubility, but so far as boiler scale 
behavior goes it is not necessary because they show not only with their 
experimental glass apparatus but also by actual runs made with steam 
boilers that there is that correlation of properties, at least in the case 
of those substances that cause deposits in the boiler. 


Chemical Causes for the Deposition of Scale and Sludge 


286. The chemical reasons for the deposition of scale and sludge 
from a boiler water fall under three headings: 

(1) Separation of solid matter because of concentration in the 
boiler. Even very soluble salts eventually begin to separate in the 
solid form if their solutions are boiled down. 

(2) Chemical decomposition of soluble substances by heat with 
the formation of insoluble compounds. 

(3) Separation of substances that become less soluble as the 
temperature rises. 

287. Chemical decomposition by heat of constituents existing in 
the cold water with the resulting formation of insoluble substances is 
one of the most potent causes of scale and sludge. Calcium and mag- 
nesium bicarbonates decompose at high temperatures with the formation 
of the insoluble calcium carbonate, with occasionally some magnesium 
carbonate. At the high temperature of a boiler magnesium salts 
hydrolyze, that is, react with the water, and form insoluble magnesium 
hydroxide. Various solid compounds of iron, hydroxides and basic 
salts, are also formed by decomposition of bicarbonates and by hydro- 
lysis. Calcium sulfate may result from the interaction of calcium 
carbonate with sodium or magnesium sulfate. 

288. Reduction in solubility due to increase in temperature is 
the main reason for the separation of calcium sulfate. This substance 
is practically insoluble at the temperature of a high pressure boiler and 
consequently precipitates. 
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Composition and Character of Scale and Sludge 


289. The main constituents of most boiler water deposits are 
bonates of lime and magnesia, hydroxide of magnesia and sulfate, 
id silicate of lime. Substances present in smaller amounts are silica, 
organic matter, and salts of sodium, iron, and aluminium. Oil from the 
use of unpurified condensed steam is frequently present to the extent 
of several per cent, and in special cases the amount may reach 30 or 40 
per cent. As a rule one of the main constituents as listed above greatly 
predominates, running from 60 to 90 per cent of the whole. 

290. There are, for example, scales and sludges consisting chiefly 
of calcium carbonate and others in which the main constituent is calcium 
sulfate. These are perhaps the most common. Next in order are 
those in which magnesium hydroxide runs the highest, and occasionally 
one is found in which calcium silicate is the main constituent. There 
is no general rule as to which substance will be next in amount under 
the predominating one. This, as well as the whole composition, is 
determined of course by the composition of the water entering the 
boiler and by the conditions in the boiler. Scales deposited in different 
parts of the same boiler or in the same part at different times may differ 
greatly in composition though the water used may have been the same 
throughout. The composition of the feed water gives only the most 
general suggestions as to the nature of the boiler deposits from it.3” 
The amount of sludge and scale is, however, roughly proportional to 
the total hardness of the water. Table XVII gives analyses of various 
types of scales. 

TABLE XVII 


Analyses and Classification of Boiler Scales (Per Cent) 


(Compiled by R. E. Hall, Ind. and Eng. Chem. 17, 283 (1925). 


AleOs Loss Net 

No Type of scale SiOz + CaO MgO NaO SOs COz at ignition 
Fe203 105° loss 
PTH MME AUS nah co ticte me ahetr sina pres a 15 Zee Oe 6 1.6 54.5 0.0 0.5 L3 
SMP RALE 5 4s 5.c.0'cls enon a m mye 3.1 : Bae 36.9 5.9 45.6 35 0.2 4.0 
SMI RRECS i iis ice wlbis cts as ole 0.7 C.4 39.0 2.5 55.4 0.0 Oe2 iy 
4 Sulphate-carbonate......... 4.2 120 a37ks i ay? 24.1 (S27; 0.4 Re) 
By A ARDOUALC Tae 5 viasie dame ccrine Orr eA tamer Ie! Ke O4 42.2 0.1 1.0 
Ga Carbonate fac asics is aa iene TESS 136). 52.9 1.8 0.8 40.1 0.1 220) 
7 Carbonate-silicate.......... 17.4 ise 926.) ~ 22.8 Oe te PUR 1.6 9.4 
8 Carbonate-silicate.......... Bes Mediu 20.04 eOeee i eh: Sam DY A oe LO 
9 Carbonate-silicate.........: 10.4 Tie a ee | 35.0 0.2 IW ARAL 0.5 9 
10 Carbonate-silicate-sulphate.. 12.0 it 94,0 14.1 1 WOTEY Sap) ae? 0.5 9.8 
11 Carbonate-silicate-sulphate.. 6.9 0.6 45.7 5.8 4.5 S056 0.4 EYALS) 
12-~ Sulphate-silicate.....00s00+. 6.4 Onde 3433 8.0 44.0 AS ve 4.3 
13 Sulphate-silicate............ 6.0 42" 31,8 92 ARE 43.4 0.2 state 6.6 
TE seal Pree Caran apn Ce RY a CIRCE 45.4 6.9 spe 1.8 6.7. 0.7 Dal 1.4 4.6 
DS toubrcatie tate: c eis eeaeieva dee oy 48.3 PS = 29.9 Sind ers 2.8 oe 1.6 Bie 


aa Bartow and Mohlman, University of Illinois Bulletin, Water Survey Series No. 
11, p. 156, studied the relation of mineral content of boiler waters to the scale formed 


but could find no close correlation. 
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291. In addition to those substances depositing from the water 
there may also be solids suspended in the water when it enters the 
boiler. These would in part settle out and make up a certain quota 
of the sludge, or might be cemented together in the scale. 


292. The important physical characteristics of boiler water de- 
posits are the hardness and the adhesiveness to the interior of the boiler. 
In general parlance hardness is used as synonymous with adhesiveness, 
and consequently a “‘hard” scale means one that not only resists penetra- 
tion but also adheres firmly to the walls of the boiler. In general the 
calcium carbonate deposits are soft and non-adherent. They consti- 
tute the sludges. Calcium sulfate scales are hard and adhere tenaciously 
to the iron, and are even harder if they contain much magnesium hy- 
droxide. Calcium silicate scales are also very hard. Non-adherent 
sludges consisting of almost pure magnesium hydroxide have been re- 
ported. The substance was very light and powdery, and in one instance 
resembled aluminium powder. Since the hardness of a deposit is 
probably a function of its rate of deposit, and perhaps, too, of several 
other factors, as well as of its chemical composition, it is impossible 
in some cases to predict the physical character from the analysis. 


293. A given scale is seldom a pure chemical compound, but con- 
sists of a mixture of substances deposited together sometimes in layers. 
Because of this it often happens that the conditions are right for the 
cementing together of relatively large amounts of soft material by some 
hard, strongly adhesive deposit. 


294. Changes may and undoubtedly do take place after the 
deposition of a scale. Since it is rather a poor conductor of heat the 
portions next to the iron become very hot, so hot indeed as to cause 
partial decomposition the net effect of which is to harden the scale. 
It is, so to speak, baked on the walls of the boiler. 


Deposits Other than in Steam Boilers 


295. The formation of scale and sludge on heating a hard water is 
independent of the vessel in which the heating is carried out, there- 
fore every such container from a tea kettle to a fuel economizer will 
suffer. The chemistry of any given situation can be inferred by a study 
of those sections that deal with chemical changes in open heaters (496 and 
497) and in steam boilers. The fundamental difference is one of tem- 
perature. In closed vessels like steam boilers the temperature of the 
water may be many degrees above the boiling point, and it is this rather 
than the increased pressure which brings about chemical changes in 
addition to those that go on at or below the boiling point. 


296. It must be noted,also that scale and sludge may, and fre- 
quently do, deposit from ect water. Many cases are on record in 
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which the mains conveying a city supply have filled up with scale. 
Such deposits are usually calcium carbonate or ferrous hydroxide, or, 
in rare instances, of hydrated oxide of manganese. A_thread-like 
organism known as crenothrix seems to have the power of decomposing 
iron and manganese compounds, with the result that hydroxides are 
deposited. These sometimes stop up water mains. Many instances 
of manganese incrustations are described by Bartow and Corson. It 
might be worth noting in passing that all of these deposits, even when 
they consist of hard calcium carbonate scales, can be cleaned out me- 
chanically more cheaply than they can be dissolved out with acids. 
297. At least one case has been reported to the author in which 
the deposit exhibited a selective action with respect to the nature of 
the surface. The agent for a meter company related that a jelly-like 
substance precipitated in the meters of a certain town and that when 
these meters, the working parts of which were brass or bronze, were 
replaced with a cheaper design built of iron the trouble ceased. 


Boiler Compounds, Internal Treatment 


298. Boiler compounds are substances introduced directly into 
a boiler to correct or eliminate the evils of bad feed water. They are 
the patent medicines of boiler rooms, and like the patent medicines of 
the almanacs many are worthless,** some are harmful, and some are 
good. The worthless and harmful predominate so that of late years an 
effort is being made to escape the evil reputation of the past by intro- 
ducing a new term, “internal treatment.” 

299. Many writers are prejudiced against internal treatment 
but this seems unwarranted and contrary to common sense. Boiler 
compounds can be applied at once without equipment of any sort, and 
are, therefore, the ideal remedy for emergencies or temporary situations. 
They are generally intended to correct the troubles of scaling but they 
are also made to remedy corrosion and foaming, and some are to be 
found that pretend to be panaceas for all three troubles. 

300. An inspection of the analyses of a number of boiler compounds 
shows a seemingly unclassifiable list of constituents such as caustic 
soda, soda ash, lime, sodium bicarbonate, tannates, sugar, wood ex- 
tracts, molasses, sawdust, sand, ground glass, bran, potatoes, talc, 
starch, petroleum, glycerine, alcohol, coloring matter, and perfumery.* 

Occurrence of manganese in the water supply and in an incrustation in the 


water mains at Mt. Vernon, IIl., University of Illinois Bulletin, Water Survey Series 
No. 10, p. 57. : 
8aFrench, Ind. and Eng. Chem. 15, 1241, gives an account of fake boiler com- 
pounds, their composition, and the claims made for them in their advertising matter. 
%Andés reports a compound consisting of a 46% solution of sugar in water, col- 
ored and perfumed. Der Kesselstein. A. Hartleben’s Verlag, Wien und Leipzig, 
page 200 (1910). 
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Possible Effects Obtainable with Boiler Compounds 


301. Before undertaking to study such a miscellaneous collection 
of substances, the use of which has grown up in a purely empirical 
fashion, it will be well to set down in the light of modern chemistry 
the various effects that, on theoretical grounds, there is any hope of 
obtaining by the use of substances in the boiler. It must not be sup- 
posed that all of these effects are equally attainable. Some, like Nos. 
7 and 8 below, are ideals of future research. 

1. The hydrogen ion concentration of the water can be changed. 
Practically, it will be decreased by the introduction of alkaline sub- 
stances to reduce or prevent corrosion. 

2. Scale-forming constituents can be precipitated. This is the 
fundamental purpose of most compounds. Lime and soda ash are the 
least expensive reagents for such use, as they are for softening. How- 
ever, caustic soda is frequently employed instead of lime in order to 
obtain a liquid mixture. The tannates also precipitate the scaling 
constituents to some extent. 

3. The scale can be prevented from adhering to the inside of the 
boiler. This is accomplished by the use of protective colloids, organic 
substances that have the effect of keeping the particles of precipitated 
matter such as calcium carbonate and sulfate and magnesium hydroxide 
from agglomerating into large masses and cementing together. Certain 
forms of inert material such as talc, graphite, and clay are also supposed 
to have this effect. 


4. The scale-forming substances can be kept in solution. Sugar 
and molasses have this effect to a small extent at least. The saccharates 
of calcium are soluble. 


5. “Old scale can be loosened. An excess of soda ash acts this 
way and apparently certain inert substances also have this effect. 
Claims are made, for example, that the use of graphite will clean out a 
badly scaled boiler. 


6. The surface tension of the water can be changed and the stab- 
ilization of the foam can be prevented. These effects would reduce 
foaming. 

7. The character of the surface of the boiler can be changed so 
that scale will not stick to it. Claims of this character are made for 
some compounds. It has also been claimed that the surface of the 
boiler can be made passive and immune to corrosion. 

8. ‘The dissolved oxygen in the water can be combined by the use of 
a reducing agent and in this way prevent corrosion. No claim of this 
kind has, so far as the author knows, yet been made for a compound. 
It is as yet an unexplored field into which the faker will probably make 
the first excursion. x 
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302. From a practical standpoint, the chief effect of a good boiler 
compound is the reduction of scale trouble. It accomplishes this by 
preventing the scale from sticking to the boiler. The effect noted in 
No. 4 above is probably negligible. The calcium and magnesium 
salts are precipitated rapidly by the lime, or caustic soda, and soda 
ash of the compound. This very rapidity of precipitation in large 
measure prevents adherence to the boiler plates and tubes but in addition 
there is probably some protective colloid effect of the organic matter. 
The net result is a non-adhering sludge that can be blown or washed 
out. In no wise is the precipitation of the scaling substances inhibited. 
They are completely precipitated but they are prevented from sticking 
to the boiler. 

303. With the above points in mind it is seen that no universally 
applicable compound can be made. The economical precipitation of 
the lime and magnesium salts requires that the precipitants in the com- 
pound be apportioned to the composition of the water. This can be 
done only from the analysis. Reputable compound manufacturers 
therefore always require an analysis of the water before prescribing a 
boiler mixture. 

304. The outstanding question seems to be that of deciding 
between the use of boiler compounds, which may be called internal 
treatment, and softening, or external treatment. The opinion among 
writers is almost unanimous that with the relatively hard waters of 
Ohio an outside softening equipment is by far the better plan. For the 
emergency, the temporary situation, and the special case, however, 
internal treatment or the use of compound is the only economical scheme. 


High Cost of Boiler Compounds 


305. Complaint and criticism are often made of the high cost of 
compounds as compared with the inexpensive materials from which they 
are made. ‘That such a disparity exists is true but it must be remem- 
bered that even the most honest compound manufacturer must do much 
more than purchase raw materials. He has all of the usual overhead, 
the largest item of which is perhaps the cost of advertising and selling. 
If the owner of the boiler does not want to pay a high price per pound 
for a strong solution of caustic soda, soda ash, and molasses, he can 
reflect that he is always at liberty to employ a chemist of his own to 
analyze the water and prescribe a mixture to be used in his boiler. 


Illinois Water Survey Experiments with Boiler Compounds 

306. Reference has already been made to the possibility of actual 
harm resulting from the use of a poor compound, or of one not adapted 
to the conditions. Such harm is likely to take the form of corrosion 
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or of foaming. Bartow and Marti conducted a series of laboratory 
experiments with a number of compounds and different waters. Their 
conclusions given below are interesting and perhaps typical: 

1. “The corrosion varies with the alkalinity, showing that an 
increase in alkalinity makes the water less corrosive, due probably to 
the formation of hydroxide. 

2. ‘The waters treated with sumach (this was sumach extract, 
the active principle of which consists of tannates), are an exception. 
In such waters alkalinity, non-carbonate hardness, and total hardness 
are almost unchanged, but the amount of scale formed is lowered. The 
corrosion increases continually. 

3. “The magnesium does not reach a minimum, which is as low 
as the solubility of the hydroxide. 

4. ‘Wherever there is a decrease in the amount of scale formed, 
the corrosion increases. When sodium carbonate is used, the foaming 
becomes so prominent that it makes this method of treatment imprac- 
tical. 

5. “In none of the experiments are the results ideal, and further 
experiments should be carried on with waters of a different character.” 


Hall’s “Conditioning” of Boiler Water 


307. Reference has already been made (285) to the work of Hall, 
Fischer, and Smith, and their theory that those substances in a boiler 
water which become less soluble as the temperature rises will necessarily 
precipitate in the film of liquid next to the hot metal and will in con- 
sequence adhere and form a hard scale, while those substances which 
are more soluble in hot than in cold water will necessarily precipitate 
in the cooler parts of the boiler and thus will form a loose sludge. Accord- 
ing to this classification, the sulfate and hydroxide of calcium and the 
hydroxide of magnesium should form hard scale and the carbonate 
of calcium a soft non-adherent deposit. On these facts Hall reasoned 
that if the precipitation of the sulfate and the two hydroxides on the 
walls and tubes of the boiler could be prevented, hard scale would be 
eliminated. He solved this problem by adding an excess of soda ash 
to the feed water so that the mass action of the excess concentration of 
carbonate ions lowered the solubility of calcium carbonate below that 
of the sulfate at the temperature of the boiler. This would seem at 
first thought to be nothing more than precipitating out the calcium by 
means of the soda ash. ‘The situation is, however, more complex than 
that as the following will show, though the reader should not lose sight 
of the main fact, namely, that the whole scheme consists in maintaining 
such a concentration of carbonate ions in the water that the solubility 


“Bartow and Marti, Treatment of water with boiler compounds, Illinois 
Water Survey 8, 59. K 
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of calcium carbonate is less than that of the sulfate under all conditions. 
308. When sodium carbonate (soda ash) is added to a boiler water 

it precipitates the calcium of the calcium sulfate present and there is 
formed a corresponding amount of sodium sulfate, according to the 
reaction, 
: CaSQy-+ Na:CO3= CaCO;+ Na.SO, 


The sodium sulfate increases the concentration of the sulfate ions and 
consequently the solubility of calcium sulfate in the water is diminished 
by the common ion effect just as that of calcium carbonate was reduced. 
Furthermore, this sodium sulfate continually concentrates in the boiler 
as water evaporates. This continually increases the concentration of 
the sulfate ions so that unless something is done to prevent it a point 
would presently be reached at which the sulfate would again become as 
insoluble as the carbonate and would precipitate. If the excess carbon- 
ate of sodium also concentrated in the same way as the sulfate, the 
situation would adjust itself but it does not do so, because, owing to 
the high temperature of the water the carbonate partially decomposes 
into sodium hydroxide and carbon dioxide. The latter escapes with the 
steam. There must therefore be some means of following the increase 
in concentration of sulfate and the decrease in concentration of the 
carbonate so that proper adjustments can be made from time to time. 
This is done by determining carbonate and sulfate in the water in the 
boiler. Fortunately these determinations can be made easily and 
rapidly by an intelligent engineer. The scheme of conditioning?! the 
water, as the author calls it, is then briefly as follows: By means of 
occasional determinations of sodium carbonate and sulfate in the water 
the rate of addition of sodium carbonate is so adjusted that the concen- 
tration of the carbonate is always maintained at such a point that the 
solubility of calcium carbonate is less than that of calcium sulfate in the 
resulting solution. A diagram is given in the original paper showing 
how the carbonate concentration is to be varied as the sulfate concentra- 
tion increases. 

309. The concentration of hydroxyl ions produced by the decom- 
position of the sodium carbonate almost completely precipitates the 
magnesium in the water as magnesium hydroxide, so that in spite of 
the fact that magnesium hydroxide precipitates on the hot surfaces 
there is practically no precipitate formed in that way because there 
is such a small amount of magnesium ions in solution. 

310. There remains now an important special case to consider. 
If the pressure of the boiler is at or above 210 pounds the temperature 
of the water is so high that the sodium carbonate decomposes into hydrox- 
ide at such a rate that the proper concentration of carbonate ions can 


“The methods and apparatus for this analytical work are described in the original 
paper, and also in a paper by Hall, Ind. and Eng. Chem. 17, 409 (1925). 
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not be maintained. Under these conditions Hall recommends the use 
of sodium phosphate instead of carbonate. It reacts with calcium to 
form the very insoluble calcium phosphate which in the presence of an 
excess of phosphate ions is more insoluble under the conditions of the 
boiler than the calcium sulfate. It therefore precipitates and the forma- 
tion of hard sulfate scale is avoided. Sodium phosphate is more ex- 
pensive than sodium carbonate and consequently it is not employed as 
long as the carbonate will serve. 

311. Hall and his co-workers also point out that in a water con- 
taining a high concentration of caustic soda, whether resulting from 
the decomposition of sodium carbonate or from the direct addition of 
caustic to the water, the solubility of calcium hydroxide may be reduced 
to such a point that it will tend to precipitate on the hot metal surfaces 
and cause hard scale. 

312. Finally it should be said that Hall, Fischer, and Smith made a 
number of actual runs with boilers using Monongahela River water. 
With this water much hard scale was formed, but when the same water 
was conditioned as described above only a thin, easily detachable film 
of scale was produced. ‘The rest of the deposit was non-adherent sludge. 

313. There are also many interesting mechanical features de- 
scribed in this paper, for example, one by which the sludge is kept down 
by a process of continual filtration and one by which the water is re- 
moved from the Seam by centrifugal action, but since this is essentially 
a chemical bulletin these appliances will not be described. 

This whole physico-chemical study of boiler water conditioning 
will undoubtedly be published eventually as a bulletin of the United 
States Bureau of Mines. In the meanwhile readers must content 


themselves by reference to the individual paper. 
% 


CHAPTER IX 
CORROSION#® 


314. What will be stated in this chapter concerning corrosion is 
intended to apply to sub-aqueous corrosion only, that is, to metal 
continuously in contact with water and not to situations in which 
the metal is alternately wet and dry as is the case on exposure to the 
weather. A large share of the confiicting statements in the literature 
of corrosion is due to a disregard of these conditions. 


Electrolytic Theory of Corrosion 


315. There are perhaps few practical problems, the solutions of 
which have been promoted to a greater degree by theoretical considera- 
tions than has this one of sub-aqueous corrosion, and therefore it is worth 
while to give the most commonly accepted theory, the so-called elec- 
trolytic one. This postulates that iron is slightly soluble in water 
according to the equation, 


Fe+2HOH = Fe(OH).+2H 


316. In pure water or in any ordinary, naturally occurring water 
this reaction is an exceedingly weak one; no more than the merest trace 
of iron dissolves. Indeed the reaction proceeds to such a small extent 
that if this were all there is to the matter there would be no problem of 
corrosion by water. Since, however, there is a problem of corrosion by 
water it is necessary to account for it by some factor in addition to the 
mere solubility of iron. This additional factor is the action of the 
oxygen in the water; not the oxygen of the water molecule itself, the 
O of H.O, but the oxygen of air dissolved in the water. This may 
amount under favorable circumstances to as much as 10 parts per million 
by weight which is almost the same thing as 10 cc. of oxygen per liter. 


Effect of Dissolved Oxygen 


317. The effect of this oxygen is two-fold: (1) It oxidizes the 
ferrous hydroxide, Fe(OH), to ferric hydroxide, Fe(OH)s, and thus 
destroys the equilibrium expressed in the equation above, which in turn 
tends towards bringing more iron into solution. The effect though is 
small in comparison to that produced by the action of the oxygen on 

42Some of the matter in this chapter is from a paper read by the anthor at the 


Ohio Conference on Water Purification, Columbus, Ohio, November, 1921. See also 
Fire and Water Eng. 76, 259 (1924). 
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the liberated hydrogen. This hydrogen is small in amount and there- 
fore does not escape as a gas, He, but remains on the surface of the iron 
as a film and prevents further action. It polarizes the iron. The 
dissolved oxygen oxidizes this film of hydrogen to water. This de- 
polarizes the iron and permits further solution. It is seen from this 
that the oxygen removes both products of the reaction involved in the 
solution of iron in water and thus of course greatly promotes that re- 
action, for if the dissolved matter is transformed or removed from a 
solution the effect is the same as putting on fresh solvent and conse- 
quently more solid will dissolve. This removal or transformation of 
ferrous hydroxide and hydrogen continues as long as there is any oxygen 
and therefore solution of the iron continues as long as oxygen is left. 
In other words, corrosion is proportional to the concentration of dis- 
solved oxygen in the water. This has been proved experimentally for 
the condition of natural water acting on iron or steel. It can thus be 
said that corrosion, though primarily due to the solubility of iron in 
water, is in a practical sense, due to the dissolved oxygen in the water. 


Other Theories of Corrosion 


(1) The hydrogen peroxide theory. This assumes that oxygen 
takes part in the initial reaction and that hydrogen peroxide is one of the 
products. Some of this hydrogen peroxide then oxidizes the ferrous 
ions to ferric and another portion reacts with more iron to form more 
ferrous ions and water. ‘This theory has been superseded by others and 
therefore further details will be omitted. 


(2) The carbonic acid theory. According to this the initial 
reaction 1s between carbonic acid and iron according to the reaction, 


2Fe+ 2H.COs; = 2FeCO3+ He 


The next step is the action of oxygen and water on the ferrous 
carbonate as follows, 


This reaction, it is seen, sets free carbonic acid which then reacts 
with more iron. Since oxygen is the only substance present in limited 
amount solution of the iron will continue till the oxygen is exhausted. 
There are many points of similarity between this theory and the electro- 
lytic one. For example, the first reaction is the solution of iron accom- 
panied by the setting free of hydrogen. The next step depends upon the 
presence of dissolved oxygen. If oxygen were absent, corrosion would be 
incipient only. 

This theory has lost standing from the fact that careful experi- 
ments show that water containing dissolved oxygen but no carbonic acid 
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brings about the rapid rusting of iron. (See Whitney, J. Am. Chem. 
Soc. 25, 394.) 

(3) The colloidal theory. This was advanced by Friend (Proceed- 
ings Chem. Soc. 119, 932 (1921), and apparently was suggested by the 
fact that iron in water which is moving above a certain minimum rate 
does not rust as fast as in still or slowly moving water, and if the move- 
ment of the water over the iron is faster than about six miles an hour 
no corrosion takes place. ‘The electrolytic theory does not account for 
this phenomenon. (Wilson, Ind. and Eng. Chem. 15, 129 (1923), dis- 
putes these statements about the relation of moving water to corrosion.) 

The essential points of Friend’s colloidal theory can best be given 
by the following quotation from his article cited above: 


d “Since the rapidly moving water inhibits corrosion, it would appear that it 
sweeps away from the surface of the metal some catalyst which assists the metal to 
corrode, and in the absence of which the metal simply dissolves in the liquid ionically 
with such small velocity that it is almost ‘passive.’ This catalyst must be derived 
from the iron, and the author believes it to be the hydrosol of iron hydroxide. 


“Tt is therefore suggested that: 

“1. Iron is ‘noble’ or passive towards distilled water in the absence of a catalyst 
and passes into solution, but only with extreme slowness, owing to the traces of elec- 
trolytes that are present. 

“2. The dissolved iron is probably at first present in a more or less completely 
ionized ferrous condition, but is rapidly converted into the sol of ferrous hydroxide. 

“3. This sol then undergoes oxidation by dissolved oxygen into the sol of a 
higher hydroxide, ferric hydroxide sol being formed under the most favorable condi- 
tions, and probably ferroso-ferric hydroxide sol when the supply of oxygen is limited. 

“4. The higher hydroxide sol now acts catalytically by oxidising metallic iron 
with relative rapidity and simultaneously undergoing reduction to a lower hydroxide 
sol, only to be oxidised again as oxygen from the air diffuses towards it.” 


318. Many of the phenomena of corrosion cannot, however, 
be explained without inquiring into the mechanism of this behavior 
of oxygen. In the first place it is necessary to recall a few very ele- 
mentary principles. Iron is a solid and therefore can be dissolved 
from the surface only. Oxygen is a gas in the molecular state in the 
water and therefore if depleted at a given point, as on the surface of 
the iron, can be restored only by the slow process of diffusion from near- 
by places or*by the arrival of a fresh portion of water. Both or only 
one of these methods can be in operation. A clear mental picture of 


48Any discussion of these theories would be out of place in these pages. Those 
who wish to read further should consult the following: 

The Corrosion of Iron and Steel by J. N. Friend, Longmans, Green & Co. (1911). 

Corrosion of Iron by L. C. Wilson, The Engineering Magazine Co. (1915). 

The Preservation of Iron and Steel by A. S. Cushman, Bulletin No. 35, Office 
of Public Roads, U. S. Department of Agriculture. ; 

The Causes and Prevention of Corrosion by Alan A. Pollitt, D. Van Nostrand 
Co. (1924. 

ae Report to the Corrosion Research Committee of the Institute of Metals. 
J. Inst. Metals, 28, 31 (1922) and in connection with this report, a long paper by Ban- 
croft, The Electrolytic Theory of Corrosion, J. Phys. Chem. 28, 785 (1924). 
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the situation can be had by considering a piece of metal lying in the 
bottom of a vessel of water which stands undisturbed in a quiet place. 
The dissolved oxygen in the layer of water immediately in contact with 
the iron is soon exhausted and corrosion can then proceed only as more 
oxygen diffuses in or is carried in by convection or other currents. 
This has been the way in which in the past many laboratory experi- 
ments on corrosion have been conducted. The maintenance of constant 
conditions was all but hopeless and consequently such experiments 
gave discordant results. Let two variations of this case now be con- 
sidered. In one an open vessel is used but the water is stirred. Fresh 
portions of oxygen-rich water are constantly brought into contact with 
the iron and the depleted oxygen is constantly being renewed from the 
air. Another experimenter, however, is more careful. He puts his 
piece of iron into water in a closed flask and keeps the water in motion 
by rotating the flask. There is a constant change of water on the sur- 
face of the iron but no renewal of oxygen from the outside. That 
experimenter will not get the same results as did the man with the 
beaker, so a third one will try. He also uses the closed flask method 
but happens to employ iron that is finely divided so that a very large 
surface of metal is exposed. His results will differ from all the others. 
These are all laboratory conditions and are cited because in the nature 
of things they are described most frequently in the literature, and when 
they are read it must be in the light of the rate at which oxygen reaches 
the surface of the iron. 

319. The situation is the same in practice. Different users of the 
same water will report greatly differing experiences with corrosion. 
This may go so far that one man will report serious corrosion and another 
none at all. Perhaps the water is used in a steam boiler and one em- 
ploys an open heater which drives out the dissolved oxygen. Perhaps 
it is so simple a matter as the corrosion of a pipe conveying the water. 
In one case the corrosion is many times faster than in the other, though 
it is the same water, same kind of metal in the pipe, and same size of 
pipe. It looks puzzling till one finds that the water is flowing faster 
through one pipe than through the other. The rates are such that in 
one case the flow of water is in a straight line. There is little or no 
mixing of the core of water in the center of the pipe with that in contact 
with the walls. The oxygen in this thin film of water in contact with the 
metal is soon exhausted and further corrosion must then depend upon 
the slow diffusion of oxygen from the center. In the other case the 
rate of flow is greater, great enough to become turbulent, thus causing 
a general mixing from center to outside of the pipe so that fresh water 
is constantly brought into contact with the metal. The result is far 
more rapid corrosion, due entirely to the fact that the difference in the 
rates of flow lay in the critical region near to that of straight line ow on 
one side and to turbulent flow on the other. 
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320. These hypothetical cases which are not only possible but also 
probable are given to show what a variety of corrosion phenomena 
can be explained by the behavior of the dissolved oxygen. The be- 
havior of dissolved oxygen does not however exhaust all of the possi- 
bilities of the fundamental reaction. There can be. differences in the 
concentration of hydrogen ions in the water and there can also be 
differences in the character of the metal. 


Effect of Change in Hydrogen Ion Concentration 


21. In distilled water of the highest purity the concentration 
of hydrogen ions is about 1 to 10,000,000. This is also about the con- 
centration in naturally occurring water. In Ohio it is perhaps less, 
though probably not so low as 1 to 100,000,000. In modern nomencla- 
ture these values correspond to pH7 and pH§8 respectively. The higher 
the pH value of a water the lower is its hydrogen ion concentration, or, 
the more acid the water the lower is its pH. Now, concentrations of 
one in ten million and one in a hundred million are very low, but one is 
ten times that of the other. This should mean that corrosion will go 
on ten times as fast in the one water as in the other. As a matter of 
fact, however, such is not the case, and therefore the mechanism of this 
part of the reaction must be explained. Experimental evidence seems 
to show that from about pH 11 to pH 5 the rate of corrosion is indepen- 
dent of the hydrogen ion concentration, though the higher of these con- 
centrations is a million times that of the lower one. The only controlling 
factor in this range is the concentration of oxygen. The rate of corrosion 
is proportional to this. The reason for this independence of hydrogen 
ion concentration is explained by Wilson* in this way. Solution of the 
iron will not proceed unless the polarizing film of hydrogen is removed 
from the surface of the iron. This removal is accomplished by the dis- 
solved oxygen which can do it only at the rate at which it reaches the 
metal. This is a slow rate because it depends upon the relatively slow 
rate of diffusion of the oxygen and the mechanical movement of the 
water. Other things being equal, this rate of approach of oxygen is, 
of course, proportional to the concentration of the oxygen and, conse- 
quently, as long as the molecular oxygen is slower than the hydrogen 
ions in reaching the iron, the rate of corrosion will be proportional to 
the concentration of the dissolved oxygen. 

322. If the concentration of hydrogen ions becomes very low, 
Wilson puts it at about pH 11, at which value the water has caustic 


“R. E. Wilson, The Mechanism of the Corrosion of Iron and Steel in Natural 
Waters and the Calculation of Specific Rates of Corrosion, Ind. and Eng. Chem. 
15, 129 (1923), 
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alkalinity, the action of the hydrogen becomes slower than the approach 
of the oxygen, and there will then be plenty of oxygen to, remove the 
polarizing film as fast as it forms, with the consequence that the rate 
of corrosion in alkaline solutions should be proportional to the hydrogen 
ion concentration. This is shown by Speller and Texter* and by Whit- 
man, Russell, and Altieri#®.-to be at least approximately true but only 
during the first half hour or so of contact of the clean iron with the 
alkaline water. After this initial period the rate of corrosion remains 
constant probably because of the formation of a protective coating 
on the iron. In the alkaline region therefore the effect of a change in 
hydrogen ion concentration is, as a practical problem, purely one of the 
relation of this change to the formation of a protective coating on the 
iron. This point will be discussed below. Earlier investigations*’ had 
apparently shown that there was a concentration of alkali at which the 
rate of corrosion was a maximum. ‘This, however, has not been con- 
firmed by later studies in which the concentrations of oxygen and carbon 
dioxide were considered as factors. 

323. There is also the case in which the concentration of the 
hydrogen ions is high, about pH 4, at which point the water begins to 
show acidity to methyl orange, in other words, is acid. Under such 
conditions the rate of formation of hydrogen is so rapid that the polariz- 
ing film is destroyed by the escape of the hydrogen as a gas. Oxygen 
is not needed to get rid of it and consequently from pH 4 and on to greater 
acidities the rate of corrosion is proportional to the hydrogen ion con- 
centration. - 

According to Whitman, Russell, Welling, and J. D. Cochrane, Jr.,* 
there is neverthe ess a marked depolarizing effect of oxygen even in 
the action of strong acids on steel, that is, the steel dissolved much 
faster if oxygen was present in the solution than if it was absent. 


324. Practical men need not, however, worry over these two 
conditions. Natural water, even over-softened water or water dosed 
with alum is not likely to have a pH value higher than 11 or one of 4 or 
lower. Almost without exception natural waters have a pH of about 
7 and treatment of various sorts does not change it more than one-or 
two pH values on either side. Natural water is in fact a kind of buffer 
solution, that is, it resists any attempt to change its reaction by adding 
either alkali or acid in small amounts. The statement therefore still 
holds, that corrosion is-proportional to the concentration of dissolved 
oxygen; but at this point should now be added the qualifying statement, 
if the water 1s acting on bare iron. Iron more or less coated by deposits 
from the water is a condition to be discussed later. 


“Ind. and Eng. Chem. 16, 393 (1924). 
46Ind. and Eng. Chem. 16,665 (1924). 
“Lyon, J. Am. Soc. Naval Eng. 34, 845 (1912). 
Ind. and Eng. Chem. 15, 672 (1923). 
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Effect of Character of the Metal 


325. The fourth and last member of the equation is the iron 
itself. Its concentration cannot be changed because it is a solid and 
in a practical installation even the extent of the surface cannot be 
changed to any great degree; therefore, there remains only the possi- 
bility of changing the structure of the iron itself. This is a logical 
way of attacking the problem of corrosion and accordingly many at- 
tempts have been made to produce non-corroding alloys of iron. Some 
of these have been very successful, as for example the well-known monel 
metal and duriron. Attempts have also been made to reduce the 
corrodibility of steel by adding to it small amounts of other substances 
and among these efforts the effect of copper has provoked more dis- 
cussion and perhaps greater difference of opinion than all of the others 
combined. So far as the author has found, however, no service ex- 
periments with water or steam pipes or with boiler tubes thus alloyed 
with copper have been recorded. The data at hand bear mostly upon 
corrosion caused by exposure to the weather. Finally, it 1s interesting 
to note that great claims are made for very pure iron as a non-corroding 
material and that such iron has been on the market for years. The 
outstanding question, however, as to the effect of the composition of the 
iron upon its corrodibility is the one of the relative merits of wrought 
iron and steel. This deserves special discussion. 


Wrought Iron vs. Steel 


326. There is a strong belief among steam engineers that wrought 
iron withstands the corrosive action of water better than steel, but a 
study of the literature of corrosion does not confirm this belief. 


327. Friend* in his book on corrosion devotes a chapter to the 
relative rates of the corrosion of wrought iron and steel. Numerous 
series of experiments are cited and discussed. The final conclusion 
is summed up in the following, quoted from page 286: “It would appear 
therefore that when everything has been taken into consideration there 
is practically nothing to choose between wrought iron and steel as at 
present manufactured.”’ 

328. Wilson in a more recent book on corrosion also has a chapter 
on the question and reaches the same conclusion as Friend. 

329. A very recent book on corrosion, that of Pollitt,®! does not 
accord the question the dignity of a chapter but points out that each 
type of ferrous material has its proper use and concludes as follows: 


4°The Corrosion of Iron and Steel by J. Newton Friend, Longmans, Green & Co. 


(1911). ; Be z 
60The Corrosion of Iron by L. C. Wilson, The Eng. Magazine Co., NewYork (1915). 
31The Causes and Prevention of Corrosion by Alan A. Pollitt, D. Van Nostrand 


(1924). 
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“If the results of reasonably large scale field tests, made under actual 
service conditions, are consulted together with the records of practical 
experience in the choice of material for a specific purpose, it will generally 
be found that, when employed in their proper spheres, so to speak, there 
is little to choose between the varieties of iron or steel as regards their 
relative corrodibilities.” Pollitt emphasizes the importance of selecting 
the best material for a given use and quotes as follows from a paper by 
Friend in the Transactions of the Faraday Society, Vol. XI, 1915, 
“Our task therefore resolves itself into a wider problem, not so much 
whether iron is better than steel or vice versa but rather which is the 
best variety of iron or steel for any particular purpose.” 

330. The only experimental evidence on the relative corrodibility 
of wrought iron and steel that will be offered here is the work of Speller 
and Knowland.” 


Wrought iron and steel pipes were connected in series in a hot 
water heating system. The experiment began October 25, 1916, and 
continued till December 24, 1917—over a year. Analyses of the various 
steels and wrought irons were made and at the conclusion of the test 
the pits were measured. The final examination and report was made 
by J. O. Handy of the Pittsburgh Testing Laboratory from whose report 
the following paragraph is taken: “These measurements when sum- 
marized show no significant differences in the depth or extent of pitting 
between the steel and iron pipe. The slight differences shown are in 
some cases in favor of the wrought iron and in others in favor of the 
steel.” 

Spontaneous Formation of Protective Coatings 


331. A discussion of the mechanism of corrosion would not be com- 
plete without mention of the possibility of the formation of protective 
coatings. Such coatings might result from properties inherent in the 
metal, as for example, if the impurities were left on the surface after 
the solution of the iron; or from the products of the reactions, for example, 
if the ferrous hydroxide of the fundamental reaction or the ferric hydrox- 
ide resulting from the action of the dissolved oxygen should remain as 
a film on the iron; and finally, in the practical situation in which natural 
water with its variety of dissolved and suspended matter is concerned, 
there is the possibility of coatings from these constituents. Of this 
third possibility there can be no doubt. 


332. Natural waters do at times furnish protective coatings. 
True, the waters frequently overdo the matter and coat the pipes or 
boiler tubes too generously and the coating is then called scale and 
cursed for being an expense and trouble. Scale is nevertheless a pro- 
tective coating deposited by the water itself, and when it can be con- 


“Tr, Am. Soc. Heat. and Vent. Eng. 24, 217 (1918). 
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trolled, is one of the simplest methods of reducing corrosion. This 
point is just beginning to gain recognition and consequently not much 
at present is known about it. Reference has been made to scale. There 
is also some reason to think that colloidal (slimy) coatings consisting 
in part of organic matter also constitute protective coatings deposited 
by certain waters. This has suggested the addition of colloidal material 
to water in order to produce protective coatings and it can be said that 
experiments begun by the Research Department of the National Tube 
Company and continued at Mellon Institute have shown that much 
can be accomplished in this way by the use of silicate of sodium. 


333. One interesting case of the reduction of corrosion by causing 
the water to form a protective coating is given by Baylis.°* The mu- 
nicipal supply of Baltimore, Md., after purification was corrosive and 
gave “red water.” Baylis found that by adding lime so that the pH 
was increased to 8.5 or 9 the corrosion was practically eliminated. 
One’s first impression would naturally be that the effect was due to the 
increase in alkalinity of the water. According to the theory, however, 


‘the small change in hydrogen ion concentration indicated should not 


affect the corrosion. What undoubtedly happened, as Baylis points 
out, was that this change in the hydrogen ion concentration of the water 
caused a thin layer of calcium carbonate to be deposited as a protective 
coating. Changing the pH value of waters will probably become a 
means of controlling deposits in the future. 

334. Evidence is also at hand for the belief that the products of 
the main reactions of corrosion, the ferrous and ferric hydroxides, par- 
ticularly the latter, form films over the iron and thus greatly retard 
the further action of the water. Speller and Texter® in their study of 
the corrosion of steel in alkaline solutions found that at 150° F. the rate 
of corrosion in alkaline water decreased rapidly for about an hour and 
then remained constant. They attribute this behavior to the forma- 
tion of a film of ferric hydroxide. Their first experiments had been 
made with Pittsburgh city water and they then supposed that the 
protective coating consisted of material deposited from that water. A 
subsequent run, however, with distilled water and sodium hydroxide, 
gave the same result, and they therefore felt justified in assuming that a 
coating of ferric hydroxide was formed. Whitman, Russell, and Altieri 
working on the effect of varying hydrogen ion concentration on the 
underwater corrosion of steel found the same effect and came to the same 
conclusion, namely, that a protective coating. was formed. ‘These 
investigators report an interesting experiment with carbonic acid which 
may be of importance in studying the formation of carbonate scales. 
They found that carbonic acid at a pH value of about 5.4 was as corrosive 


83]. R. Baylis, J. Am. Water Works Assoc. 10, 385. 
54Ind. and Eng. Chem. 16, 393 (1924). 
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as hydrochloric acid at a pH of 4.1. Since in this comparison the 
hydrogen ion concentration of the water containing the hydrochloric 
acid was more than ten times that of the water with the carbonic acid, 
the situation at first seems anomalous. The authors’ explanation is, 
however, plausible and probably correct. They point out that at 
pH 5.4 carbonic acid is only 6 per cent dissociated and that there is 
therefore present 15 parts of undissociated acid for each part of the 
dissociated. This means that as soon as the dissociated part has acted 
in neutralizing the alkaline protective film next to the metal the un- 
dissociated part progressively dissociates and continues to destroy the 
film. Since at such low concentrations hydrochloric acid is practically 
completely dissociated it is seen that there will have to be theoretically 
16 times as much of it present as of carbonic acid to have the same effect 
in neutralizing an alkaline film. Calculation shows that a hydrogen 
ion concentration 16 times greater than that represented by pH 5.4 is 
pH 4.2 which is most excellent agreement with the experimental value 
4.1. Without the assumption of a protective film of an alkaline nature 
it would be difficult to explain this behavior of carbonic and hydrochloric 
acids. 

335. No discussion has been found of the possibility of protective 
coatings resulting from impurities in the iron being left on the surface 
when the iron itself has been corroded away. Such a hypothesis has, 
however, been suggested to the author by one of his colleagues, Professor 
D. J. Demorest, to account for the well-known resistance to corrosion 
of cast iron. Professor Demorest points out that 15 to 20 per cent of 
the volume (not weight) of cast iron consists of graphite and silicon. 
This is because of the low densities of these substances. A very super- 
ficial corrosion of the iron would therefore leave on the surface a layer 
of graphite mixed with silica, the silica resulting from the oxidation of 
the silicon. Both graphite and silica are highly resistant to corrosion 
and would therefore act as a protective coating. 

336. As a concluding paragraph to this presentation of the general 
aspects of corrosion of iron and steel by water the author would like to 
refer his readers to two short papers of a speculative and philosophic 
nature, Problems of Corrosion, by B. D. Saklatwalla,*® and The Me- 
chanism of Corrosion, by John Johnston.* 


Some Miscellaneous Factors in Corrosion 
Temperature 


337. As would be expected, the rate of corrosion increases with 
increase of temperature. Calcott®® investigated the range between 20° 
ae & 
Ind. and Eng. Chem. 15, 39 (1923). 
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and 100° and says that the rate of corrosion changes from 1 to 3 per cent 
per degree within this range. No data have been found on the effects 
of the temperatures reached in high pressure boilers. 


338. It should be pointed out, however, that in practical situations 
dealing with natural waters the effect of a temperature increase may be 
very complex. The specific rate of corrosion is undoubtedly always 
increased but in most cases other factors are also changed. Salts in 
solution may be hydrolyzed with an accompanying increase in hydrogen 
ion concentration so great that the rate of corrosion will be increased 
for that reason. On the other hand, if the water is not in a closed 
system much of its dissolved oxygen will escape and consequently the 
rate of corrosion will be lowered. In studying any set of results then the 
reader must remember that unless all of the factors have been con- 
sidered the measurements recorded as the effect of temperature change 
are really the algebraic sums of a number of effects. 


Velocity 


339. Conflicting statements are to be found on the relation be- 
tween the rate at which water flows over iron and the rate at which 
that iron corrodes. It is a practical problem wherever water is con- 
veyed in iron pipes and therefore merits some discussion. According 
to Friend®® corrosion at very low velocities of water movement at first 
increases with the velocity of flow and then falls off to a minimum rate 
at about two miles an hour, from which it again rises. In other words, 
Friend holds that there is an optimum velocity at which the rate of 
corrosion is least. Wilson® and Speller and Kendall® dispute the 
statements of Friend and say that they found no minimum rate of 
corrosion with an increasing rate of flow of the water. Whitman® 
and others investigated the effect of velocity on the rate of corrosion 
of steel in sulfuric acid from about 0.005N to 5N and found that with 
the exception of the 0.005N acid corrosion at first fell off with increas- 
ing velocity and then increased. In other words, they found that 
there was a certain velocity at which corrosion was a minimum. Since, 
however, the hydrogen ion concentrations of the acids employed were 
far beyond that of any natural water further details will not be given. 

340. Speller and Kendall working with natural water flowing 
through pipes found that as the velocity of the water increased, the 
rate of corrosion increased faster at some velocities than others. ‘They 


In addition to the electrolytic theory of corrosion three others have been ad- 
vanced. See also Heyn and Bauer Mittheilungen Konlichen Materialpriifungsamt, 
Berlin 28 (1910). ; } ‘ 

eR. E. Wilson. The Mechanism of the Corrosion of Iron and Steel in Natural 
Waters and the Calculation of Specific Rates of Corrosion. Ind. and Eng. Chem. 
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account for this on the basis of the transition from straight line to 
turbulent flow of the water. At low velocities the water flows in a 
straight line, that is, there is little or no mixing of the layer next to 
the metal with that in the center of the pipe. The rate of corrosion 
is therefore slow because it will depend largely upon the rate of dif- 
fusion of oxygen into the outside layer. As the flow becomes turbulent 
this outside layer is disturbed more and more with the result that 
more and more oxygen reaches the iron. Corrosion will therefore in- 
crease rapidly through this transitional period. Finally when the 
flow of the water with increasing velocity becomes completely turbulent 
the rate of corrosion will become constant or nearly so. Erosion of 
the protective surface layer may of course begin at high velocity. 


Salts in Solucian 


341. Salts in solution in a water usually affect its corrosive action, 
generally in the sense that, beginning with low concentrations an in- 
crease in salt concentration increases corrosion till a maximum is reached 
after which corrosion falls off as the salts increase. Friend in his book 
and in Carnegie Scholarship Memoirs, Vol. 2, (1922) discusses these 
points. The situations that may result, are, however, so complex and 
at best are as yet so little understood that they will not be discussed 
further than in the special points below. 

342. Salts of weak bases and of weak acids hydrolyze and thus 
either increase or decrease the normal hydrogen ion concentration of 
the water. This is said by some to have a marked effect on corrosion. 
It is doubtful, however, in view of the considerations brought for- 
ward under magnesium chloride below. Salts in solution increase the 
conductivity of the water and should therefore, according to the elec- 
trolytic theory, increase corrosion. Oxygen is not as soluble in a salt 
solution as in pure water. ‘This should decrease corrosion. The effect 
of dissolved salts on the protective coating (318) has as yet been but 
little studied. 

343. Magnesium chloride demands special consideration. Few 
statements occur oftener than that this salt is a potent cause of cor- 
rosion, the reason given being the fact that in hot water it hydrolyzes 
with the formation of hydrochloric acid and magnesium hydroxide 
according to the reaction, 


MgCl,+2H.0 =Mg(OH).+2HCl 


The magnesium hydroxide is insoluble and precipitates leaving 
the acid in solution. Ost** has studied this situation and says that 
though a 40 to 50 per cent solution of magnesium chloride will give off 
hydrochloric acid at 106° C. a dilute solution will not do it even at 183° 


87. fur Angew. Ch. (Aufsatzteil) 34, 396. 
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C., 150 pounds pressure. Ost’s experiments at atmospheric pressure 
were repeated in the author’s laboratory and his results confirmed.” 


Hydrogen sulfide (“Sulfur” water) 


344. Waters containing hydrogen sulfide, of which Ohio has many 
examples, are very corrosive even in the cold. Since hydrogen sulfide 
is a strong reducing agent and will react with the dissolved oxygen in 
water it might at first be supposed that it would inhibit corrosion. 
Possibly it owes its action to an increase in the hydrogen ion concen- 
tration and the very great insolubility of the sulfide of iron. It is also 
possible that the sulfide of iron does not adhere to the metal to form 
a protective coating. 

Pitting 


345. Corrosion of iron and steel is not uniform but takes place in 
small areas in which the action is so great that holes or depressions are 
produced. These are called pits. This inequality of corrosive action 
is most unfortunate because it results in penetration long before any 
considerable amount of the iron has been dissolved. According to the 
electrolytic theory pitting is due to inequalities in the composition of 
the metal which makes some portions more electropositive than others. 
A number of tiny batteries are thus in effect created. The current 
flows from one spot on the iron through the water (the electrolyte of 
the battery) to another spot and then through the metal to the first 
spot. This not only causes one place to dissolve faster than the ad- 
jacent areas but it actually protects the adjacent areas from corrosion. 

346. The pits are not, as might at first be expected, uniformly 
distributed over the surface of the iron but are more numerous at those 
places where the water is richer in oxygen or at a higher temperature 
or where the metal itself is more susceptible to corrosion, for example, 
where it has been subjected to mechanical strain as at bends, around 
rivets, etc., or near where it is in contact with a metal lower in the 
electromotive series.° There is also some reason to believe that even 
in under-water corrosion a bit of rust depositing on the iron may become 
the starting point of a pit. 


Methods of Expressing Rates of Corrosion 


347. One of the earliest and, from certain aspects, still one of the 
best ways of expressing a rate of corrosion is to give it as the loss in 
weight in unit time from a unit area of the exposed metal. Since, how- 
ever, such effects of corrosion as the weakening of a structural piece or 


“An unpublished senior thesis by G. H. Mutersbaugh. 
ssWhitman and Russell, Ind. and Eng. Chem. 16, 276 (1924). 


108 INDUSTRIAL WATER SUPPLIES OF OHIO 


the development of leaks in a pipe are more important from a practical 
standpoint than the mere loss of so many pounds of material, it is often 
better to calculate corrosion rates in such a way as to indicate at least 
roughly the serviceable life of the metal in use. Calcott®’ gives such a 
calculation as follows: 


W =loss in weight in grams of test piece during second 48 hours immersion. 

A=area of test piece in square inches. 

S=density of metal in grams per cubic centimeter. 

t=time of exposure in hours. 

C=rate of chemical corrosion expressed as inches penetration per month. 

On introducing the necessary factors for giving the number of hours in a month 
and for transforming the metric dimensions to inches the following equation is obtained: 


24X30XW _ 4, W 
~ (2252? BSen a ease 


According to Calcott, if C has a value less than 0.01 in. the corrosion rate is mod- 
erate. 


348. This equation, however, does not take into account the well- 
known fact that corrosion is not uniform but occurs mostly in limited 
areas giving rise to the familiar pitting. Since the rate of formation 
of the deepest pit in many cases determines the useful life of a piece, 
some way of bringing this into the calculation must be found. Calcott 
does this by grinding down the test piece of metal till all of the pits have 
been removed. The loss in weight caused by this grinding is called P 
and is added to W above. ‘The equation then gives the rate of penetra- 
tion due to both the uniform and pitting corrosion. This Calcott 
expresses by D so that the equation is then, 

W+P 


D=43 .9 —__— 
ASt 


349. It will be observed that the only variable in these equations 
which does not represent a change in the metal itself is the time of ex- 
posure. Variations in the temperature, concentration of dissolved 
oxygen, pH value, etc., of the water must each be expressed by the 
different values of C or D in as many different equations. This is 
perhaps sufhicient excepting for the dissolved oxygen. It has been 
shown above that the rate of corrosion by water is proportional to its 
oxygen content, and since this is not constant for any given water, but 
varies according to the conditions under which the water is used, it is 
well to treat it as a separate factor which is not necessarily a property 
of the water. Wilson® first called attention to this and suggested 
calculating the “specific rate of corrosion in terms of loss of weight per 
unit area per unit time per unit concentration of oxygen.” For con- 


“Ind. and Eng. Chem. 15, 677 (1923). 
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venient units Wilson suggests that the specific corrosion, K, be expressed 
as milligrams of loss per square centimeter per year per cubic centimeter 
oxygen in one liter of water. These units, he says, will give figures of 
a convenient order of magnitude. Wilson gives various equations for 
special conditions, and in the same number of Ind. and Eng. Chemistry, 
page 134, Speller and Kendall have an article on corrosion in which they 
use the Wilson method of calculation. 


Prevention of Corrosion 


350. Owing to the cost of non-corrosive alloys and the failure to 
find artificial coatings for iron and steel which will withstand under- 
water service conditions, particularly at high temperatures, the practical 
solutions of the problems of corrosion all consist in some modification 
of the action of the water. The electrolytic theory at once offers three 
suggestions: (1) maintain the hydrogen ion concentration of the water 
below the corrosive limit; (2) remove the dissolved oxygen from the 
water; (3) impress a counter electromotive force higher than that re- 
sulting from the solution of the iron. All of these methods are effective 
and all are in commercial use. The best method to employ for a given 
situation is determined by the general and specific conditions of that 
situation. 

351. Though no hard and fast lines can be drawn the general 
conditions of corrosion can be classified as, (1) large scale, cold water 
corrosion such as sometimes occurs in the mains and service pipes of 
a city supply, and (2) hot water corrosion such as takes place in hot 
water heating systems, steam boilers, etc. 


Maintaining a Low Hydrogen Ion Concentration to Prevent Corrosion 


352. The phrase, maintaining a low concentration, is used ad- 
visedly rather than the one that would occur at first, namely, reducing 
the concentration, because it is particularly true of hydrogen ions that it 
is easier to change their concentration than it is to maintain a given con- 
centration. In hot water systems and especially in high pressure steam 
boilers reactions between the water and dissolved salts are constantly 
going on in ways that tend to raise or lower the hydrogen ion concen- 
tration. As the water evaporates and the concentration of dissolved 
salts increases, the rates of these reactions change or new reactions 
begin, and it is therefore unlikely, with most waters at least, that the 
hydrogen ion concentration could be kept below a given value without 
using excessive amounts of alkali. In cold water such reactions either 
do not exist or the changes proceed so slowly that equilibrium can be 
maintained for long periods of time, and therefore the addition of small 
amounts of lime or other alkali will keep the water from corroding. 
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353, It must be said, however, in spite of the electrolytic theory, 
that the mechanism of the effect on corrosion of lowering the hydrogen 
ion concentration seems to be the formation of a protective coating 
rather than a mere reduction of the solvent action of the water. Speller 
and Texter®? for example say, on the basis of their experiments, that 
“the initial rate of corrosion is nearly independent of the alkalinity 
Omeche water .2. 7.4 but that at a temperature of 150° F. the rate of 
corrosion in alkaline water rapidly decreases for an hour or so (depending 
on the temperature) until a protective film of ferric hydroxide has been 
built up and a state of equilibrium established. At this point alkalinity 
has the well-known inhibiting effect which has been pointed out by other 
investigators.” Whitman, Russell, and Altieri” confirm the results of 
Speller and Texter. Reference has already been made (333) to the 
simple way in which Baylis stopped the corrosion of the Baltimore city 
mains by lowering the hydrogen ion concentration of the water with 
lime. The effectiveness of this scheme undoubtedly lies in the indirect 
effect on the formation of a protective coating. From a practical 
standpoint it of course matters little whether lowering the hydrogen ion 
concentration reduces the solution of the iron or forms a protective 
coating over the iron. The important point is that corrosion can be 
controlled in this way. It is also obvious that it is an ideal way for 
solving the large-scale corrosion problem of a city’s water mains or that 
of a long conduit. 


Removal of Dissolved Oxygen to Prevent Corrosion” 


354. Water at ordinary temperatures contains about 10 cc. of 
dissolved oxygen per liter. West” states that a reduction of the oxygen 
to 0.5 to 0.75 cc. per liter will arrest corrosion under certain conditions, 
but in the feed pipes, pumps, and steel tube economizers of the modern 
high pressure power plant the oxygen should be as low as 0.2 cc.fper 
liter. Speller and Knowland’ show that 2.18 cc. of oxygen per liter 
produces serious corrosion in a hot water heating system in a year. 

355. The actual removal of the dissolved oxygen in a water can 
be accomplished by (1) heating, or better boiling, the water either at 
atmospheric or reduced pressure; (2) by subjecting the water to reduced 
pressure without heat; (3) chemically, by putting something into the 
water to combine with the oxygen. In practice all three methods may 
be combined, though usually (1) and (2) are used together or (3) by 
itself. 


Ind. and Eng. Chem. 16, 393 (1924). 
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71See 301 for a discussion of the role of oxygen in corrosion. 
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356. The chemical method on account of its simplicity will probably 
come to be the preferred one for small plants. Scrap iron in some form 
or some more readily corroded alloy of iron is used as the deoxidizing 
or deactivating reagent to combine with the oxygen. Kestner? describes 
an apparatus consisting of a chamber filled with pieces of an alloy of 
iron and manganese. Boiler water in passing over this metal corroded 
it and thus lost its dissolved oxygen. The following quotations from 
Kestner’s article suggest several important engineering details. 

357. “In commercial appliances, when the coating of oxide be- 
comes very thick, the removal of the oxygen may become considerably 
slower, but under the most unfavorable conditions, water leaving such 
apparatus is found to contain less than 0.5 cc. of oxygen per liter.” 

Kestner observed that if the rust deposited on the scrap iron as 
the result of corrosion were allowed to remain at rest for a day it changed 
its color from red to a greenish black, due to the reduction of ferric 
hydroxide by the iron. This product was easily removed by washing. 

358. “The Kestner apparatus consists of a column of iron turn- 
ings placed between two filters with an intake and outlet for the water 
at each end of the apparatus, in such manner that the direction of flow 
of the water can be reversed at regular intervals, and an arrangement 
for allowing steam to be admitted at the base for cleaning. 

359. “The column of turnings is of such quantity that one-half 
only is in action and that the gases are removed when the water has 
reached half the height. At the end of the day the direction of flow 
is reversed. The consumption of iron turnings varies from 1 to 3 grams 
per cubic meter of water.” 

At the rate of 3 grams per cubic meter of water 1 pound of scrap 
would deoxidize 40,000 gallons of water. 

360. The prevention of corrosion in hot ,water heating systems 
was accomplished by Speller and Knowland’ by causing the water to 
circulate through a chamber filled with expanded steel lathing. This 
gave a large surface of contact for corrosion and consequently used up 
the oxygen dissolved in the water. A report from this equipment 
after over two years of service showed no evidence of pitting in the 
hot water pipes which for experimental purposes consisted of alternate 
sections of steel and wrought iron. Similar steel and iron pipes in a 
system using the same water but without passing it through the chamber 
for removing oxygen suffered serious corrosion in one year (330). 

361. Speller and Knowland raise the question as to how long the 
expanded metal lath in the corrosion chamber will last, but say frankly 
that it can not be answered till it has been longer in operation. They 
point out the obvious advantage of the scheme in the following sen- 


74J. Soc. Chem. Ind. 40, 67 (1921). 
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tence: “It is much cheaper and vastly more convenient to corrode 
away a hundred pounds of sheet metal in the basement than the same 
weight of piping in miscellaneous locations throughout the house.” 

362. The mechanical method of removing the dissolved air con- 
sists in allowing the water to spray into a chamber in which reduced 
pressure is maintained by means of an air pump. ‘The interior equip- 
ment of the chamber may be a series of pans over which the water can 
cascade to the bottom. ‘This combination of spraying and exposure in 
thin layers affords the best conditions for the escape of any dissolved gas. 

363. McDermet® describes such an installation for the mechanical 
removal of dissolved air. The apparatus was made of cast iron and 
non-corroding bronzes and was so arranged that water at 212° F. was 
sprayed into a vacuum chamber in which the pressure was kept at 
about 20 inches of mercury. Cascade pans completed the equipment. 
Under these conditions explosive boiling took place and the air was 
pumped out. Steam that followed the air was condensed. By this 
means dissolved oxygen was reduced nearly to zero. McDermet 
gives no comparative figures on corrosion but he does state the inter- 
esting fact that the air-free steam from this deaerated water conducts 
about 20 per cent better than steam with air, thus greatly increasing 
the efficiency of the condensers. ‘This is a remarkably large incidental 
effect and note should therefore be made of it as an advantage over 
the chemical method which removes the oxygen only of the dissolved 
air in the water. 

364. West” describes several forms of mechanical and chemical 
deoxidizers one of which combines the mechanical and chemical prin- 
ciples. He makes the point that it is economical to remove the bulk 
of the dissolved gases by mechanical means and then destroy the last 
portions of the oxygen by passing the water through a chamber filled 
with scrap iron. 


Electrical Methods of Preventing Corrosion 


365. One of the commonest attempts to prevent corrosion in steam 
boilers is the use of metallic zinc in electrical contact with the iron. 
Because zinc has a greater tendency to dissolve than iron a counter 
electromotive force is set up stronger than any that could be produced 
by the dissolving of the iron and therefore the iron does not corrode. 
Theoretically such a use of zinc is entirely correct, but it is extremely 
doubtful whether it performs the miracles sometimes attributed to it. 
Pollitt’’ says that zinc is a fetish with some engineers. In practice it 
is difficult to space it properly in a boiler and sometimes it behaves in 
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an erratic way even to the extent of reversing its polarity. At best 
the protection afforded by a piece of zinc is not indefinite, but extends 
only a few feet, as shown by the rule followed in marine boiler practice, 
namely, allow a square foot of zinc for each 50 square feet of boiler 
surface. 

366. Since the effect of zinc on corrosion is purely one of counter 
electromotive force, it follows that such a force produced outside the 
boiler will serve as well. This is done in the Cumberland” process. 
Large iron electrodes connected with the positive pole of a generator 
are placed in various positions in the water inside the boiler and the 
boiler itself is connected with the negative pole. The electrodes must 
of course be insulated from the boiler. A small D. C. type of generator 
can be employed as the source of counter E. M. F. Iron dissolves from 
the easily renewable electrodes but none can dissolve from the boiler 
because of the strong, counter electromotive force of the generated 
current. ‘This system has been in use for years in various power plants 
in England but does not seem to be much in evidence in this country. 
It should be noted that such a scheme is a general preventive of corrosion 
of metals and is not confined to the corrosion of iron and steel. 

367. Cumberland makes the interesting statement that the regu- 
lar working ,of his electrolytic system has the effect of loosening any 
hard scale that was in the boilers and of preventing its further formation. 
This means of course not that no scale is formed but merely that it 
does not adhere to the boiler but precipitates as a sludge. Cumberland 
gives no reason for this interesting phenomenon, but it is evidently the 
effect of the hydrogen gas given off from the surface of the iron. Geb- 
hardt® gives this as the reason for the similar effect of metallic zinc in 
a boiler. 

368. Those who are interested in laboratory experiments on the 
prevention of corrosion by electrolytic methods should refer to the 
United States Bureau of Mines Technical Paper No. 15 by Clement 
and Walker. 

The author desires also to refer his readers to the Corrosion Sym- 
posium, Ind. and Eng. Chem. 17, 335 (1925). The series of papers in 
this symposium appeared too late to be embodied in this Bulletin. 
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FOAMING AND PRIMING# 
Present Knowledge of Foaming and Priming 


369. Any one who wishes to learn what relation exists between 
the water in a steam boiler and the foaming or priming of that boiler 
will quickly reach the conclusion of Stromeyer® who wrote in 1893: 
“Priming. Information on this subject 1s as yet almost nonexistent.” 
Eighteen years later Stabler’? evidently felt that little information had 
been added for he began his section on foaming and priming with the 
statement that they “‘are probably the least understood of boiler phe- 
nomena.” The books and papers on boilers contain many statements 
about foaming and priming but offer little or no experimental evidence 
in support of many of them. The situation is also complicated by much 
confusion in the use of terms and finally there has as yet been no general 
chemical theory of foaming. (The contrast in this respect to the 
problem of corrosion is marked.) It seems worth while therefore to 
clear up some of the confusion by summarizing briefly the present state 
of knowledge on this subject and to offer some new experimental evi- 
dence and a tentative physico-chemical theory. ’* 


Meaning of the Terms “Foaming” and “Priming” 


370. An examination of boiler water papers shows that one or 
more of three fairly distinct mental pictures of phenomena inside the 
boiler were in the minds of the writers when they used the terms foaming 
and priming. (1) The formation of foam on the surface of the water. 
This foam may range in thickness from a layer barely covering the sur- 
face to a mass that fills the steam space above the water. In the latter 
case the liquid films around the bubbles would be drawn into the steam 
pipe and wet steam would result. (2) Another phenomenon evidently 
in the minds of certain writers is merely rapid ebullition with the con- 
sequent projection of droplets or even slugs of water into the steam pipe. 
This could happen without the appearance of foam as it is described 
above. (3) Athird situation partakes both of the properties and appear- 
ance of foam and of violent ebullition. The boiling is of such a character 
that the whole mass of water from the bottom up is full of fine steam 


“Adapted from a paper by the author on foaming of boiler water. Ind. and 
Eng. Chem. 16, 1121 (1924). 

#C, E. Stromeyer, Marine Boilers, p. 42 (1893). 

Herman Stabler, The Industrial Applications of Water Analysis, Eng. News. 
60, 355 (1908), and U. S. Geological Survey, Water Supply Paper 274, p. 171 (1911). 
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bubbles with the consequence that the interior of the boiler is filled and 
of course much water passes out with the steam. 


371. It should be emphasized perhaps that the three situations 
pictured above are not necessarily descriptions based upon actual 
observations made of steam boilers in operation. If such actual obser- 
vations have been made the writer has failed to find the record of them. 
They are to be looked upon more as reasonable suppositions by men of 
experience with steam boilers and who have undoubtedly observed 
analogous situations in glass flasks or open metal vessels. Finally, 
some writers in their paragraphs or sections on foaming and priming 
evidently have no picture in mind of what goes on inside the boiler. 
They simply use the terms as meaning any entrainment of water by 
the steam. 


372. When now one seeks the connection between these phe- 
nomena and the names foaming or priming as applied to them, utter 
confusion is found. Some authors use the terms interchangeably. 
Some call a foam on the surface priming and others describe one of the 
other situations as foaming. Indeed it can be said that a reader of any 
given book or paper will not know what is meant unless the writer 
defines his terms. 

Causes of Foaming and Priming 


373. The causes of foaming and priming as given in boiler water 
papers fall under two general heads, physical and chemical. Under the 
physical causes the design and operation of the boiler are outstanding. 
The more complex the interior, that is, the more of a maze of tubes, 
stay-bolts, etc. there is in the boiler, the more likely is it to foam (prime). 
It is also evident that other conditions being the same the smaller the 
steam space above the water the more likely is water to be carried out. 
If while in use the boiler is moved about rapidly, as is the case with the 
railroad locomotive, the extra agitation will promote foaming (priming). 


374. Violent ebullition for a few seconds may result from the sudden 
evolution of steam following a period of superheating of the water, 
analogous to the familiar “bumping” of liquids in the laboratory. A 
similar effect would be produced by the loosening of a sheet of scale 
which would thus bring water into contact with almost red hot metal. 
The sudden introduction of solid matter entering with the feed water 
or produced by the loosening of scale also causes a violent ebullition for 
a few seconds, and a rapid opening of the steam valve by causing a 
momentary lowering of the pressure has the same effect. 


375. There is some difference of opinion on the relation of steam 
pressure to foaming but the majority seem to hold that high pressure 
boilers foam less than low pressure ones. Such a statement seems 
logical because a given weight of steam occupies less space the higher 
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the pressure it is under. This must be considered, however, as apply- 
ing only to situations | and 3 above. (370) 

376. The available information about the chemical causes of 
foaming may be classified under (1) substances that cause foaming and 
(2) physico-chemical explanations of the phenomenon. ‘The offending 
substances are listed under such general terms as “organic matter,” 
“impurities,” “oily matter,” “soap and soapy substances,” “saline 
matter,” “alkalis,” and “suspended solids.’’ Sodium salts seem to be 
the only definite chemical substances to which foaming and priming 
are generally attributed, but the writer has not been able to find a 
record of any experiments which show that sodium salts alone are the 
cause of the trouble. The belief has unquestionably originated from 
the fact that in the great majority of waters sodium salts are the only 
ones that concentrate in the boiler. Others that’ are present in any 
quantity, such as calcium and magnesium compounds, precipitate for 
the most part. 

377. Although the original evidence for the effect of sodium 
salts cannot be found there are a number of articles that offer experi- 
mental proof that sodium salts do not cause foaming (priming). In 
1890 Lord Rayleigh*! in an article on the theory of foams stated that 
he had found that even a strong salt (NaCl) solution did not foam much. 
Tatlock and Thompson®> report a boiler which contained 16,000 parts 
per million of sodium carbonate, 2,100 of sodium hydroxide, and 13,000 
of sodium sulfate “but showed no trace of priming.” Koyl® also cites 
instances in which a high concentration of sodium salts was in a loco- 
motive boiler water and yet no foaming resulted unless finely divided 
solid matter was also present. 


378. Next to sodium salts finely divided solid matter is held re- 
sponsible for foaming and priming and some go so far as to assert that 
solids are the only cause, barring of course occasional cases of soap or 
peculiar forms of organic matter in the water. Koyl in the papers 
cited above records some interesting laboratory and locomotive boiler 
experiments the purport of which can be given in the following quo- 
tation: “In the laboratory I have many times fed into boiling distilled 
water quantities of chemically pure sodium carbonate up to several 
hundred grains per gallon without producing any foaming effect. But 
if there is fed into boiling distilled water a fine insoluble powder such 
as calcium carbonate or magnesia alba the water will soon be foaming 
as vigorously as any one could wish.” . 

379. In the second reference cited Koyl records some extensive 
experiments with locomotive boilers which did not foam with high 
sodium salts unless finely divided solid matter resulting from loosened 


84Chem. News. 52, 1 (1890) 


85]. Soc. Chem. Ind. 23, 428 (1904). 
%C. H. Koyl, (a) R. R. Gaz. 32, 663 (1900) and (b) 34, 423 (1902). 
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scale was present. He also cites an interesting case of a plausible 
though faulty judgment concerning the effect of softened water on 
foaming. On one part of the road the locomotive boilers did not foam 
though there was scaling due to the character of the water. When, 
‘however, these boilers were filled with softened water at a certain sta- 
tion they began to foam. This was blamed on the sodium salts in the 
softened water. It was proved, though, to be due to finely divided 
scale which was loosened by the new water. The method of proof 
was to use the treated water exclusively in several runs with a clean 
boiler over a long stretch of road. This was accomplished by hauling 
tank cars of the softened water. No trouble whatever was then ex- 
perienced. 

380. A comprehensive physico-chemical theory of boiler water 
foaming has as yet not appeared. Many writers it is true ascribe the 
phenomenon to the increase in the surface tension of the liquid brought 
about by the dissolved sodium salts but no one has sought to harmonize 
with this the evidence offered by Tatlock, Koyl, and others as cited 
above, which seems to show that foaming has no connection with the 
sodium salts; and no one has offered an explanation of the behavior 
of suspended solids in the boiler water. 

381. Obviously a theory is needed that will harmonize the con- 
flicting statements and, what is of much greater importance, will serve 
as a guide for research in this important field of industrial chemistry. 
The author therefore acting on the belief that even a poor theory is 
better than none at all, presents the one here. To avoid confusion it 
must be understood that this theory is intended to apply only to what 
may properly be called foaming, that is, the formation of a mass of 
bubbles or froth on the surface of the water. 


A Physico-Chemical Theory of Foaming 


382. Until quite recently no adequate presentation of the physical 
chemistry of foams has been available in English. Periodical literature 
also contains very little that deals with the theoretical side of the sub- 
ject as reference to our Decennial Index and to the later volumes of 
Chemical Abstracts will show. Indeed the very first item under 
the word “foam” in the Index is such a discouraging cross reference 
that one hardly feels like turning over the page.*’ Bancroft,** however, 
has now given us the principles of the chemistry of foams* and on these 


s7It would be a shame not to let every water enthusiast look up this reference 
for himself. : : 
sBancroft, Applied Colloid Chemistry, General Theory, page 268 (1921). McGraw- 


Hill Book Company. ; : : * 
%In the Fourth Report on Colloid Chemistry and its General and Industria} 


Applicatioas, British Association for the Advancement of Science, page 263, is a most 
excellent paper by E. Edser on ore flotation, a part of which is given to a general dis- 
cussion of foams. 
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there can be built a theory of boiler water foaming which is at least in 
agreement with recorded experience and which also will harmonize 
the conflicting statements that are found concerning the effect of sodium 
‘salts. Two paragraphs in Bancroft’s book (p. 270) present the chemistry 
of foams so well that they are quoted here. : 


383. “To get a foam the only essential is that there shall be a 
distinct surface film, in other words, that the concentration in the surface 
layer shall differ perceptibly from that in the mass of the liquid. All 
true solutions will therefore foam if there is a marked change of surface 
tension with concentration, regardless whether the surface tension in- 
creases or decreases. All colloidal solutions will foam if the colloid 
concentrates in the interface or if it is driven away from the interface. 
To get a fairly permanent foam the surface film must either be sufficiently 
viscous in itself or must be stabilized in some way. ‘This can be done 
by introducing a solid powder into the interface. 


384. ‘Solutions of aqueous alcohol, acetic acid, sodium chloride, 
and sulphuric acid all foam when shaken; but the foam is instable. Soap 
solutions foam when shaken and the foam is, or may be, quite stable 
owing to the viscosity of the soap film. With saponin the surface film 
is even more stable. If we add to aqueous alcohol some substance 
like lycopodium powder which goes into the interface, we get a stabilized 
foam. We can do the same thing with aqueous acetic acid by adding 
lamp black. The presence of enough of a finely divided solid in the 
interface will make the film so viscous that the foam will be quite stable. 
Grease will help stabilize a foam in some cases and it has been claimed 
erroneously that the foaming of sulphuric acid solutions is due to grease.” 


385. On applying these principles to boiler water, it can be said 
that the fundamental condition of foaming is the presence of substances 
which concentrate either in the surface or in the mass of the water and 
thus change the surface tension. Whether there is an increase or a 
decrease makes no difference. If, however, these substances which 
change the surface tension do not at the same time have the property 
of making the films around the bubbles stable there will be no foam in 
a practical sense because the life of the bubbles will be too short. They 
will burst a moment after forming. It is necessary then to distinguish 
carefully between the two conditions for the formation of foam, (1) the 
presence of something which either by raising or lowering the surface 
tension of the liquid makes possible the formation of bubbles, and (2) 
the presence of something which by imparting viscosity to the films will 
stabilize them, that is, prevent them from bursting immediately after 
forming. ‘This necessary viscosity can, of course, be produced by the 
same substance which changes the surface tension. Soap for example 
is such a substance and, undoubtedly, an occasional water is found in 
which the organic matter has this property, either as it enters the boiler 
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or after modification by the action of the superheated water. In the 
average boiler water, however, the change of the surface tension is 
brought about by dissolved sodium salts and the stabilization of the foam 
by finely divided solid matter. The presence of either one without the 
other is not sufficient to cause foaming. 


386. The action of the particles of solid in stabilizing the foam 
appears to be purely mechanical. Edser® in his paper on ore flotation 
pictures the situation as follows: ‘‘Imagine a number of bubbles in 
the interior of a liquid, each bubble being coated with mineral particles. 
When these coated bubbles come into contact after rising through the 
liquid, the walls of each cell will consist of numerous solid particles held 
together by films of liquid.” In flotation the solid particles are fre- 
quently the only stabilizing agent present. It must of course be empha- 
sized that to stabilize a boiler water foam as well as that of a flotation 
process the solids must have the property of adhering to (being ad- 
sorbed on) the films. Flotation as a method of separation would be 
impossible if solids did not behave differently in this respect, and, it 
might be added, boiler foaming would be a rare occurrence were it not 
for the unfortunate circumstance that the solids usually present in a 
boiler have the property of adhering to the films around the steam 
bubbles. 


387. Koyl® gives the presence of finely divided solids as the cause 
of the phenomenon described above under (3) but merely states that 
each particle becomes a nucleus from which a stream of steam bubbles 
rises. It would not be too far-fetched to assume that the particles that 
act in this way have entrained a minute bubble of air or perhaps of 
carbon dioxide which then would serve as a permanent gas phase sur- 
face at which steam bubbles would form. The stabilizing effect of the 
finely divided solid matter would tend to hold such steam bubbles 
intact, that is, prevent them from coalescing. In this way the mass of 
the water would become filled with bubbles as Koyl describes. 


Laboratory Experiments on Foaming 


388. With the exception of Koyl no one seems to have performed 
any laboratory experiments on the production of foams in water solu- 
tions like those in steam boilers. This deficiency the author has at- 
tempted to remedy by having a rather extensive series of such experi- 
ments carried out.22. About 500 cc. of solutions of various substances, 
with and without the addition of finely divided solid matter, were 
boiled in glass flasks. The details of the experiments are given in the 


Fourth Report on Colloid Chemistry, British Association for the Advancement 


of Science, page 263. 
aC, H. Koyl, R. R. Gaz. 32, 663 (1900). 
An unpublished Master’s thesis by George L. Bush. 
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paper already referred to. Only the general conclusions can be stated 
here. 

389. Solutions of various compounds of calcium, magnesium, 
and sodium were boiled at pressures from 0.3 to 3.5 atmospheres, but 
in no case was a true foam produced. All of the substances, however, 
along with finely divided solid matter (385 and 386), gave foaming 
mixtures. 

390. At least a hundred trials were made with various insoluble 
powders—pumice, sulfur, pyrolusite, bone black, lead sulfide, boiler 
scale, precipitated calcium carbonate, and limestone—in boiling distilled 
water, but no appreciable foaming was observed.** 

Any of these solids, however, if used in’ solutions referred to in 
373 gave foams. 

391. Among the solids tried, pulverized boiler scale and limestone 
were the most effective foam producers. In the case of the boiler scale, 
the only solid tried in this experiment, it was found that the foam- 
producing tendencies increased, equal weights of material being used, 
as the size of the particles decreased. 

392. In the case of the sodium salts, which were studied in some 
detail, a fair amount of foam was obtained with concentrations of 1000 
p. p. m. if the amount of insoluble material was sufficient. Foaming 
increased with increasing concentration of the soluble material till about 
7000 p. p. m. was reached. After that there was no change. 

Increasing the amount of insoluble material had the same effect 
as an increase in the concentration of the soluble salts. The one could 
therefore take the place of the other so that foams could be produced 
with a small amount of soluble material provided a large amount of 
insoluble solid was present, and vice versa. There was, however, a 
lower limit at about 500 p. p. m. for both soluble and insoluble material, 
that is, if the soluble salts were much less than this no reasonable amount 
of insoluble material would produce foam, and if less than this amount 
of insoluble matter was present no concentration of soluble salts was 
sufficient to make the liquid foam. 

393. Experiments were made at pressures from about 0.3 to 3.6 
atmospheres. No effect was observed except that at the higher pressures 
the foam bubbles were smaller and more nearly uniform in size and the 
boiling seemed to proceed more smoothly. 

394. Solutions of substances like alcohol that lower the surface 
tension of water were tried and it was found that with a stabilizing 
agent, like finely divided solid matter, these solutions also gave foams. 

395. By blowing air through a porous alundum crucible foams 


Ind. and Eng. Chem. 14, 601 (1922.) 

aThese experiments are contrary to the statement of Koyl (C. H. Koyl, R.R. 
Gaz. 32, 663 [1900]). Correspondence, however, brought out the fact that the word 
“foaming” was used by him in a different sense than that employed here so that there 
is really no conflict. 
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could be produced at room temperature, and it is worth recording that 
exactly the same relations held with these air-filled bubbles as with the 
steam-filled ones of the boiling solutions. Mixtures which foamed on 
boiling also foamed by blowing air into them at room temperature, 
and mixtures which did not foam on boiling also did not foam with air. 


396. An effort was made to produce a solution that bore some 
resemblance to a boiler water containing ‘‘organic matter.” To this 
end leaves and twigs were boiled with water and the solution filtered. 
Only two such solutions were made, the results being inconclusive; 
there was not much tendency to foam. 


Prevention of Foaming 


397. So far as the author has read, castor oil seems to be the only 
substance used as a foam preventive in steam boilers. Hobbs%® makes 
this statement and adds that the action is due to the ability of the oil 
to raise the surface tension of the water. An experiment with a Du Nouy 
apparatus showed, however, that water saturated with castor oil has a 
surface tension about 10% less than that of pure water. The flask 
experiments on foam prevention are summarized in 398. 


398. A mere trace of castor oil stopped almost instantly the 
foaming of all of the mixtures of soluble material, the films of which had 
been stabilized with finely divided solids, regardless of whether the 
dissolved substance raised or lowered the surface tension of the liquid. 
This effect was so strong that if one drop of the oil was shaken with 100 
ec. of water, a few drops of the water was sufficient to stop the foaming 
of 500 cc. of mixture. 

399. These flask experiments confirmed in every particular the 
theory of foaming as advanced above. The custom of associating 
foaming with a high concentration of sodium salts is justified because 
a high concentration of almost any soluble material creates the funda- 
mental condition for the existence of films, and since film-stabilizing 
material in the form of sludge and loosened scale is nearly always present 
in a boiler, foaming will occur if the concentration of the sodium salts 
becomes high. 

400. The contradictory statements found in boiler water papers 
concerning the relation of sodium salts to foaming can easily be har- 
monized in the light of the theory advanced. Heretofore the two con- 
ditions for foam formation, (1) film production and (2) film stabiliza- 
tion, have not been looked upon as separable in boiler water chemistry. 
Now, by considering that the sodium, or other soluble salts, make 
possible the formation of films, but that these films because they lack 
viscosity to give them strength are capable of a momentary existence 
only, it is seen that such salts alone cannot cause a troublesome foam 


sbRailway Age 71, 1132 (1921). 
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because the bubbles will not last long enough to fill the steam space 
above the water. If, however, a stabilizing agent, such as finely divided 
solid matter, is also present, a persistent foam will result. Since in 
boiler practice any one of the three conditions, sodium salts without 
solid matter, solid matter without ‘sodium salts, or both sodium salts 
and solid matter together may occur, it is easy to see how confusion has 
arisen in tracing the relations of cause and effect without the guidance 
of a general theory. 


401. For the prevention of foaming of the sort caused by mix- 
tures of dissolved substances and finely divided solid matter, castor oil 
is preeminent. No general theory of foam prevention can as yet be 
advanced. 


CHAPTER XI 


PURIFICATION OF WATER FOR INDUSTRIAL USE 


402. The purification of water for industrial purposes consists in 
removing or destroying those constituents that would be injurious 
for a given use of the water. In other words, the use to which the 
water is to be put determines the nature of the purification. Some- 
times merely a clear water is desired in which case the suspended matter 
only needs to be removed. In other cases, as for use in steam boilers, 
scale-forming and corrosive constituents give trouble, and in that com- 
monest and most important industrial application of water, cleaning, 
the dissolved mineral matter that acts on soap should be removed. It 
happens that those impurities that destroy soap, or make the water 
hard, are also the ones that cause scale in steam boilers, and therefore 
the removal of them is the most important kind of purification. These 
impurities are the dissolved lime and magnesium compounds, and the 
elimination of them from water is called softening. The removal of lime 
and magnesium compounds from a water can be accomplished by pre- 
cipitating them with chemicals or, to a partial extent, by heating the 
water (496), or even exposing it a long while to the air. The chemical 
methods are the most effective and will be described first. 


Lime-Soda Method of Softening 
General Reactions 


403. All of the carbonate or temporary hardness constituents and 
that part of the permanent hardness due to magnesium compounds can 
be precipitated from a water by means of lime (calcium oxide). The 
remaining hardness can then be thrown out by means of soda ash 
(calcined sodium carbonate). Chemically it makes no difference 
whether the calculated amounts of lime and soda ash be mixed before 
their addition to the water or whether they be put in separately (427). 
The fundamental chemical transformations can, however, be much more 
clearly presented if it is assumed that the lime is added first and the 
soda ash later. On this assumption the successive steps are as follows: 

404. The lime reacts with some of the water to form calcium hy- 
droxide according to the reaction CaO +H.O = Ca(OH), and the calcium 
hydroxide so formed then reacts with any free carbonic acid in the 
water to form calcium carbonate which precipitates, the reaction being 
H.CO;+Ca (OH). = CaCO3;+H:0. 

(123) 
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405. Many authors appear to ignore this effect of free carbonic 
acid in the water. According to the reaction such free carbon dioxide 
consumes its equivalent of lime, and therefore if left out of consideration 
in calculating the amount of lime to employ in softening a given water, 
the result will be low, in other words too little lime will be used. In 
practice, however, the amount of lime calculated without including the 
free carbon dioxide seems to be sufficient, at least with those waters 
which do not have a large amount of such uncombined carbonic acid. 
The cause of this apparent departure from the path indicated by the 
chemical reaction may be a two-fold one. In the first place, free carbon 
dioxide escapes rapidly and it would be the exception rather than the 
rule that much would be left in the course of handling a water prepara- 
tory to treatment. Secondly, according to Pfeifer, magnesium car- 
bonate is more soluble in the presence of the bicarbonate. The exist- 
ence of bicarbonate is of course dependent upon a certain concentra- 
tion of free carbonic acid in the water, and as a consequence, if the 
latter is partially removed, as by the addition of lime, the concentration 
of bicarbonate will be reduced, which in turn will cause the precipitation 
of some basic carbonate. In this way lime will bring about the pre- 
cipitation of more than its equivalent of magnesium salts and hence 
less than that equivalent need be added. ‘This effect is evidently about 
the same as the lime destroying effect of a small amount of free carbon 
dioxide; hence omitting the latter from the calculation has no great 
effect on the results. Of course in those methods of determining the 
lime requirement by experiment (466) any effect of free carbonic acid 
would be included. 

406. After removal of the free carbonic acid the added lime may 
be assumed to attack next the bicarbonates of calcium and magnesium 
in the water in the order named. In all probability the mechanism 
of the reaction is as follows: By the removal of the free carbonic acid 
the equilibrium existing between it and the bicarbonate is disturbed, 
with the result that some of the bicarbonate decomposes into normal 
carbonate and carbonic acid according to the equation Ca(HCOs).= 
CaCO;+H.O. The calcium hydroxide at once reacts with this free 
carbonic acid thus causing a continuation of the decomposition of 
bicarbonate and consequently the precipitation as calcium carbonate 
of the calcium so combined. The added lime which combined with the 
carbonic acid also precipitates as carbonate. As a rule the equation is 
written as if the reaction took place directly between the bicarbonate 
and the added calcium hydroxide, as follows: Ca(HCO;).+Ca(OH),: = 
2CaCO;+2 H,O. The analogous reaction with magnesium bicarbonate 
runs, Mg(HCOs;)2+Ca(OH)s = MgCO;+CaCO;+2H,0. 


“*Kritische Studien tiber Untersuchung und Reinigung des Kesselspeisewassers, 
Z. fiir. Angew. Ch. 15, 193 (1902). 

Bartow and Jacobson, University of Illinois Bulletin, Vol. 8, No. 23, Survey 
of the Waters of Illinois, p. 88. 
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407. According to the above, it is seen that all bicarbonates, 
that is, the carbonate or temporary hardness constituents, are decomposed 
by the addition of lime with the formation of the normal calcium and 
magnesium carbonates, CaCO; and MgCOs. Of these, calcium. car- 
bonate is insoluble and settles out. ‘The magnesium carbonate, however, 
is fairly soluble and consequently much of it remains in solution making 
the water hard to that extent. Advantage is therefore taken of the fact 
that another compound of magnesium, the hydroxide, Mg(OH),, is as 
little soluble as calcium carbonate, and, as it happens, is precipitable _ 
by calcium hydroxide. Enough more lime is therefore added to react 
with the magnesium carbonate and convert it into hydroxide, the re- 
action being, MgCO;+Ca(OH)s=Meg(OH).+CaCOs. It is seen that 
the calcium and magnesium change places. Both compounds are 
insoluble and settle out. These two reactions involving the complete 
precipitation of the magnesium originally combined as bicarbonate may 
be written as one and become then, Mg(HCOs3).+2Ca(OH). = Mg(OH)s 
+2CaCO;-4-2H:0. 

408. In the next step of the process advantage is again taken of 
the fact that calcium hydroxide forms the insoluble magnesium hy- 
droxide and more lime is added to precipitate any magnesium remaining 
in the water, or, in other words, that part of the noncarbonate or per- 
manent hardness due to magnesium compounds. Since all of the bi- 
carbonates are disposed of by the first additions of lime the remaining 
magnesium compounds will be sulfates, chlorides, or nitrates. Any 
of these will react with calcium hydroxide as follows: MgCle+Ca(OH)s = 
Mg(OH)2+CaCl. According to this equation it is seen that though 
the magnesium is precipitated, no softening has taken place because a 
corresponding amount of soluble calcium salt is left in the water. The 
same would be true of the nitrate and sulfate of magnesium. These 
calcium salts would be soluble in amounts equivalent to the magnesium 
likely to remain in a water after the destruction of the bicarbonates. 
This equivalent calcium must be removed later by means of soda ash. 
It is economical nevertheless to remove the permanent hardness mag- 
nesium with lime because soda ash will not do it effectively on account 
of the rather high solubility of magnesium carbonate. 

409. The last step in the softening process is the removal of the 
calcium chloride, sulfate, or nitrate originally in the water, and any that 
may have been produced by the precipitation of the corresponding salts 
of magnesium as described in 408. This is done by precipitating with 
soda ash, sodium carbonate, the following reaction being typical: CaCl, + 
Na,CO;=CaCO;+2NaCl. If the calcium is combined as sulfate or 


nitrate, sodium sulfate or nitrate will be left in the water. 
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Waters Containing Alkaline Bicarbonates 


410. Waters are occasionally met that contain alkaline bicar- 
bonates in addition to those of calcium and magnesium and those not 
familiar with water chemistry will be surprised at the amount of calcium 
and magnesium that such waters sometimes carry. Ohio has few 
waters of this type but in some parts of the country they are common. 
The Illinois Water Survey, for example, records a large number of 
supplies of this character.°* Such waters are always characterized by an 
alkalinity in excess of the total hardness. Since considerable calcium 
and magnesium salts are often present they need to be softened for some 
purposes, and when this is tried the calculated amount of lime fails to 
have the expected softening effect. This, according to Bartow and 
Lindgren,” is due to the order in which the various reactions between 
the lime and the mineral constituents of the water take place. They 
give the possible reactions as follows: 


Ca(OH)2+2CO; = Ca(HCOs)2 
Ca(OH)2+Ca(HCOs)2=2CaCO3+2H.O0 
Ca(OH)2+2NaHCO;=CaCO3+ Na2COs 

. 2Ca(OH)2+Meg(HCOs)2=2CaCO;+ Mg(OH).+2H20 


WoO he 


411. By a series of experiments, consisting of progressively in- 
creasing lime additions to a hard water containing an excess of sodium 
bicarbonate, they show that the reactions take place in the main in the 
order given above. From this it is seen that on addition of the amount 
of lime calculated to react with the free carbonic acid, the bicarbonates 
of calcium and magnesium, and to provide for the precipitation of the 
magnesium as hydroxide, the calcium bicarbonate will be decomposed 
and precipitated much the same as if no sodium bicarbonate were present, 
but that then the remaining lime will react with the sodium bicar- 
bonate instead of with the magnesium compound. According to this 
such waters are readily freed from their calcium bicarbonate hardness 
but an undue excess of lime will be required to remove the magnesium. 


412. The removal of lime and magnesia from waters containing an 
excess of sodium bicarbonate appears of relatively little importance 
if one judges by the scarcity of publications on the subject. Among 
the various books on water softening which the author has looked over, 
only one, that of Wehrenfennig, touches upon the subject. Wehrenfennig 
suggests treatment with lime and magnesium sulfate, lime and ferrous 
sulfate, lime and calcium sulfate, or lime and sodium acid sulfate, but 
does not cite any actual experiences with such procedures. 


%Bartow, Udden, Parr, and Palmer, The Mineral Content of Illinois Waters. 
See Nos. 481, 484, 485, 514, 55, and 523 in this Illinois bulletin. 
s7J. Am. Chem. Soc. 29, 1293. 
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Extent of Softening by Lime-Soda Method 


413. It must not be assumed that all of the calcium and magnesium 
can be removed from a water by adding the calculated amounts of lime 
and soda ash according to the above equations. Several things inter- 
fere with this. Both the carbonate of calcium and the hydroxide of 
magnesium are distinctly soluble in pure water, and this solubility is 
increased by the presence of certain other salts in solution.*® The 
solubility can, however, be reduced by adding an excess of lime and 
soda ash, the excess of soda ash being so adjusted that it removes the 
excess of lime and leaves an equivalent amount of sodium hydroxide. 
Boiler feed waters are often overtreated in this way. 

414. Just how much calcium and magnesium will be left in a 
water on treating it with the calculated amounts of lime and soda ash 
will of course depend upon the nature and concentration of other sub- 
stances present, upon the temperature, and upon the time the water 
stands before using it. Generally a large amount of other salts tends 
to increase the solubility of the calctum and magnesium precipitates, 
that is, more will remain in the water after softening treatment; an 
increase in temperature will have the opposite effect, the softening 
being greater than at a lower temperature and, during the first few 
hours, the longer the water stands the greater will be the softening. 

Parr’ states that the solubility of the mixed calcium carbonate and 
magnesium hydroxide at ordinary temperatures is from 2 to 5 grains 
per gallon or, roughly, 51 to 86 parts per million. At 50° F. the scale- 
forming constituents could be reduced to 1 to 1.5 grains per gallon, or 
17 to 26 parts per million. Mr. W. A. Powers of the Santa Fe Railway 
is cited as the authority for the latter statement. 

415. Pfeifer! treated solutions of calcium and magnesium salts 
with varying amounts of softening reagents at room temperature with 
the following results: (1) The minimum hardness to which a calcium 
bicarbonate solution could be reduced with lime was 30.6 parts per 
million CaCO;. (2) The minimum hardness to which a magnesium 
bicarbonate solution could be reduced with lime was 64.4 parts per 

million equivalent CaCO;. This experiment was also tried at 80° but 
no increased effect was observed. (3) The minimum hardness to which 
a magnesium chloride solution could be reduced with lime and soda 
ash was 40.3 parts per million equivalent CaCQs in the cold and 30.6 
at 80°. (4) The minimum hardness to which a calcium sulfate solution 
could be reduced with soda ash in the cold was 50.4 parts per million 
CaCO;. At 90 to 95° a further reduction to 30.2 parts was obtained. 
It is dificult to tell from Pfeifer’s tables just how much soda ash was 


Stillman and Cox, J. Am. Chem. Soc. 25, 732. 
®The Chemical Examination of Water, Fuel, Flue Gases, and Lubricants, p. 25. 
1007 eit. fiir angewandte Ch. 1902, 202. 
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employed but apparently it was about the equivalent of the calcium 
sulfate. 

416. Whipple and Mayer" discuss the solubility of calcium car- 
bonate and magnesium hydroxide in pure water and call attention to 
the fact that previous determinations of the solubility of calcium car- 
bonate fall into two groups. In one group the results are in the neigh- 
borhood of 34 parts per million while in the other an average of about 
13 parts per million is found. The probable cause of the discrepancy 
is the failure on the part of those who obtained the higher values to guard 
against the action of carbon dioxide from the air and the action of the 
calcium carbonate solutions on glass. Whipple and Mayer also made a 
series of careful determinations of the solubilities and state that the 
most probable value for the solubility of calcium carbonate in pure 
water is 13 parts per million and that for magnesium hydroxide is 10 
parts. 

417. Gothe™ found the solubility of calcium carbonate in pure 
water free from carbonic acid to be 31 parts per million. ‘The solubility 
of magnesium carbonate under the same conditions could not be de- 
termined accurately, but the value 94 parts per million is given as an 
approximation. The most interesting part of Gothe’s investigation, 
however, is the effect of other salts on the solubility of these carbonates. 
He found for example that 2.34 grams of sodium chloride per liter in- 
creased the solubility of calcium carbonate over 15% and that of mag- 
nesium carbonate over 36%. The effect of sodium nitrate and sulfate 
was even greater. Gothe also experimented with organic matter using 
a peaty water. A large addition of such water increased the solubility 
of calcium carbonate nearly 90% and that of magnesium carbonate 
about 70%. It was also found in this investigation that the presence 
of salts of the alkaline earths neutralized the solvent action of salts 
of the alkalis and of organic matter. Gothe used concentrations of 
salts and of organic matter considerably larger than occur in Ohio 
waters, but then it must be noted that the effects were also large. In 
the amounts ordinarily present in hard waters the effects would be 
apparent and would serve in large measure to explain occasional failures 
to get expected results. 


418. This solvent action upon calcium and magnesium carbonates, 
and presumably also upon magnesium hydroxide, of alkali salts and 
organic matter has as -yet no adequate theoretical explanation. As 
to the organic matter, it has been suggested that it behaves as a pro- 
tective colloid.!% The phenomenon of after deposits (426) from softened 
water would seem to indicate that some of the calcium carbonate is 
in the colloidal state. 


10 Jr. Infect. Diseases, Supplement 2, 151. 
10Chem. Zeitung. 39, 305. 
1Noli, Jour. fir Gasbeleuchtung 941, 1914. 


PURIFICATION OF WATER FOR INDUSTRIAL USE 129 


419. Parr’s figures above are general and those of Pfeifer and 
Gothe deal with pure solutions. The practical question is the degree 
of softening to be attained with a given, actual boiler water. There ” 
is no theoretical answer to this even when a very complete analysis of 
the water is at hand. The chemist having the situation in charge should 
vary the additions of lime and soda ash on both sides of the calculated 
values until the optimum result is obtained. This optimum result 
will be determined by the use of the softened water. In some cases the 
desirability of reducing the calcium salts with an excess of soda ash is 
greater than the disadvantage of the resulting alkalinity and the added 
cost. In other cases, even the minimum softening reached by the 
calculated additions is not needed. All of these points must be con- 
sidered. Naturally occurring waters often present individual peculiari- 
ties’ and experiment alone will give the best treatment. It must be 
remembered though that the lime and soda ash treatment will not give . 
a water of zero hardness. 

420. Under the best conditions calcium and magnesium amounting 
to about 50 parts per million, or 3 grains per gallon, of total hardness will 
be left in the water if the softening is done cold. A hot process may 
reduce the figures to half the above values. As a general rule a softer 
water is obtained with an intermittent than with a continuous softener 
because the control is closer. It is interesting, however, to suggest 
another cause! for the better results of the intermittent softener. As 
a rule the operator puts a little water into the tank and the lime and 
soda ash mixture to soften the tankful. The pumping is then con- 
tinued till the tank is full, with the result that all the water but the 
last portions has the benefit of excess treatment. (See 424.) 


Effect of Temperature Changes on Lime-Soda Reactions 


421. From the figures of Parr and Pfeifer above it is seen that the 
efficiency of the softening process is increased by increasing the tempera- 
ture. The gain is a three-fold one. Not only is a softer water obtained 
but a given degree of softening is reached in less time and the precipi- 
tated sludge settles out faster. 

422. There has been little quantitative study of the temperature 
coefficients of these reactions but it is perhaps safe to say that at or 
near the boiling point of water as much softening is accomplished in a 
minute as in an hour at the average out-door temperature. Read}% 
gives charts which show as much precipitation in five minutes at 200 
to 210° F. as in five hours at 50° F. Experiments’ in the author’s 

104]. C. W. Greth, J. Ind. and Eng. Chem. 3, 13. 
loaPriyvate communication from C. P. Hoover. ; ; 
106Boiler Waters, Their Chemical Composition, Use, and Treatment, University 


of Texas Bulletin No. 1752, page 64. | 
106f'rom an unpublished senior thesis by B. H. Mohler. 


5—G. S, 
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laboratory showed a marked difference as between the out-door tem- 
peratures of summer and winter. Chemists having control of softening 
plants find in this temperature effect an explanation of some of their 
troubles. 

423. Industrial advantage is taken of the increased rate and 
efficiency of the softening reactions at higher temperatures by treating 
the water with lime and soda ash near its boiling point. The gain of 
such treatment lies in the fact that a much smaller equipment is neces- 
sary than for the cold process because, owing to the rapid rate of soften- 
ing, the various tanks can be used oftener in a day. Hot softeners are 
of special value in steam plants because the water must in any event be 
heated and there is, therefore, no loss of energy. Combined preheaters 
and softeners are on the market. 

424. The question, how long does it take to soften a given amount 
-of water at average out-door temperature, is a practical one, but difficult 
to answer because of the variable composition of natural waters and the 
variations that may exist in the method of treatment. For example, 
it has been found that the mixing of old sludge through the treated 
water results in more rapid settling and possibly also in more rapid pre- 
cipitation. The particles of old sludge seem to act as nuclei for the 
formation of the new precipitate. It has also been found of great 
value to overtreat the larger portion of the water and then add later 
the untreated part. The large excess of reagents used in the larger 
portion causes a prompt settling, so that even if the smaller portion 
added later was not benefited there would still be a distinct net advantage. 
Sometimes, however, a good ‘“‘floc” is not obtained, that is, the pre- 
cipitate is slimy and settles slowly. The amount of agitation after 
adding the lime and soda ash is also a factor in the sense that increased 
agitation increases the rate of the reactions somewhat and improves the 
physical condition of the sludge. Obviously, however, agitation dare 
not encroach too much upon the time for settling. It is the practice 
in some places to add the calculated amount of lime first and some 
minutes later follow with the soda ash. In other places the two reagents 
are mixed outside the treating tank and the mixture added to the water. 
These two practices with certain waters at least would produce different 
results. Instances like the above of variations in softening conditions 
might be indefinitely extended, but all can be generalized under one 
statement; every variation of treatment can be expected to have an 
effect on the softening, chiefly on the physical character of the sludge. 
The nature of the effect, whether the sludge will settle more slowly or 
more rapidly, may vary with different waters. If trouble arises, try 
one change after another and note the effect. Perhaps it is a safe 
statement to make that three hours is the minimum time of settling 
to obtain a water clear enough to run into a boiler. If from six to 
twelve hours can be employed better results will be obtained. 
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After Precipitations 


425. Even under the best of management a small amount of pre- 
cipitate, chiefly calcium carbonate, remains in the softened water and 
will in time precipitate. In large municipal plants where softening is 
followed by rapid sand filtration, this after precipitation takes place on 
the grains of sand to such an extent that in the course of six or seven 
years the beds consist of more than 75 per cent calcium carbonate.!7 

426. It seems reasonable to suppose that these after deposits 
result from the gradual crystallization of “colloidal calcium carbonate 
in the water. When such a water is conducted through a considerable 
length of piping the deposit will take place in the pipes. In a boiler 
the deposit appears as scale or sludge. All told, these after deposits 
are a great nuisance and various schemes have been tried to eliminate 
them, the commonest being conversion to acid carbonate by treating 
the water with carbon dioxide made by burning coke.!% 


Order of Adding Lime and Soda Ash 


427. In most water softening practice the calculated amounts of 
lime and soda ash are mixed before they are added to the water. They 
react with each other according to the equation, 


Ca(OH)2+ NaeCOs = CaCOQ; +2Na0H 


The mixture will contain Ca(OH): or NazCOs in addition to the 
CaCO; and NaOH, depending upon which was in excess as calculated by 
the reaction. It is somewhat puzzling at first to see how such a mix- 
ture works chemically the same as if the constituents were added separa- 
tely. The calcium carbonate is inert and the sodium hydroxide formed 
has no carbonate ion in it. A typical case will make the matter clear. 
Let the amounts of lime and soda ash calculated from a given water be 
such that the lime is in excess of the soda, then on mixing these amounts 
the mixture will consist of calcium carbonate, caustic soda equivalent 
to the soda ash, and the excess of calcium hydroxide. The caustic soda 
and calcium hydroxide together will be equivalent to the calculated 
amount of lime, and the caustic soda will be the equivalent of the cal- 
culated amount of soda ash. On adding this mixture to a water, the 


lo7Growth of filter sand at three water softening plants. Part I. Nine years 
experience in Columbus, Ohio, by C. P. Hoover, Eng. News-Record 78, 250. Part II. 
Five years experience at Grand Rapids, Mich., by W. A. Sperry, Ibid., 78, 304. Part 
III. Eight years experience at McKeesport, Pa., by E. C. Trax, Ibid. 78, 351. 

1083Campion, H. T., A Study of the Behavior of the Carbonation of the Defiance 
Water Softening Plant. Third Annual Report of the Ohio Conference on Water Puri- 
fication, page 39 (1924). Also C. P. Hoover, Proposed Carbonation Method for Colum- 
bus Water, page 62. Also N. S. Hill, Jr., Recarbonization of Softened Water, Jour. 
Am. Water Works Assoc. 11, 393 (1924). 
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calcium hydroxide will function as usual and the caustic soda will react 
according to the following equation: 


Ca(HCO;)2-+2Na0H =CaCO;+NazCOs 


It is seen from this that the lime and caustic soda together pre- 
cipitate the bicarbonates the same as if the originally calculated amount 
of lime had been used separately, and that an amount of sodium carbon- 
ate is produced exactly equivalent to the original amount of soda ash 
as calculated. The reader may be left to carry out a similar line of 
reasoning concerning the case in which the calculated amount of soda 
ash is greater than the lime. 


428. Chemically then it makes no difference whether the lime and 
soda ash are added to the water separately or mixed, neither does it 
matter in what order they are added if they are put in separately. 
Different effects may, however, appear in the physical condition of the 
precipitates. A dense crystalline precipitate is always desired because 
it is more insoluble than a light, slimy one, and because it settles more 
rapidly and is easier to filter. The general question of the physical 
condition of the precipitates obtained in water softening is probably 
one of colloid chemistry and has as yet not been thoroughly investigated. 
The character of the water undoubtedly plays an important role and, 
therefore, a procedure that produces good results with one water may 
not do so with another one. 


Incidental Purification by Lime-Soda Method 


429. Iron, and to a lesser extent manganese, will be removed by 
the lime-soda process. Suspended, clayey matter will be entangled 
in the amorphous precipitates and will be carried down by the sludge, 
thus giving a clear water. Color will be lessened and bacteria will be 
reduced in numbers to the extent of 75 to 85 per cent, the action being 
the same as in the removal of clayey matter. 


Miscellaneous Reagents for Softening 


430. Fifteen to twenty reagents other than lime, soda, and zeolites 
might be mentioned that have been suggested for the softening of water 
but grounds of cheapness and efficiency have prevented their use except- 
ing for special purposes. Among such reagents are borax (household 
use), sodium fluoride, sodium phosphate, sodium hydroxide, barium 
carbonate, and barium hydroxide. Of these sodium hydroxide has 
been used to some extent but cannot compete with lime. Barium 
carbonate and hydroxide ltave the important property of precipitating 
sulfates snd therefore deserve special mention for the softening of those 
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waters in which the lime-soda and the zeolite methods would leave a 
too high concentration of sodium salts. It must be said, though, that 
at the present price of barium compounds their use is prohibitive ex- 
cepting under special conditions.! The interesting chemical possibilities 
suggest their discussion here. 


Use of Barium Compounds 


431. Barium oxide like lime immediately reacts with water to 
form the hydroxide, Ba(OH):, which, however, is more soluble than the 
corresponding calcium compound and therefore more effective as a 
precipitant. Its reactions with bicarbonates are like those of lime as 
shown by the following typical case: 


Mg(HCOs).+2Ba(OH)2= Mg(OH)2+2BaCO;+2H20 


It will be noted that not only are the bicarbonates decomposed 
and magnesium precipitated but that the barium also comes down. 
The same ideal condition holds for the precipitation of that part of 
the permanent hardness due to calcium and magnesium sulfates. 


MgSO,+ Ba(OH)2= Mg(OH)2+ BaSO, 
CaSOu+ BaCO;=CaCO3+ BaSO, 


All of the products of these reactions are insoluble. In so far as 
the non-carbonate hardness consists of chlorides and nitrates there is 
no advantage over soda ash since the corresponding salts of barium 
are also soluble. 

432. Reference to the reactions above show that many interesting 
combinations may develop depending upon the relative amounts of 
carbonate and sulfate hardness. For example, the barium carbonate 
resulting from the decomposition of the bicarbonates of calcium and 
magnesium can react with calcium sulfate to form the two insoluble 
_ substances, calcium carbonate and barium sulfate. Since barium 
compounds are relatively expensive their use may be combined with 
lime. Snouk and Bartow!” have experimented with such a combination. 
Barium carbonate used alone for the removal of sulfates and calcium 
from a water has a particular advantage in that it is so insoluble that 
an excess can be added at once. It will react only as needed till all is 
exhausted. Little or no experience in the use of barium compounds on 
a large scale seems to be recorded and that on a laboratory scale is 
also scarce. It is a promising field for research. 


10Mr. C. F. Long, a consulting chemist of Columbus, Ohio, informs the author 
that he uses barium in softening one of the locomotive feed waters for the T. & O. C. 
R. R. in order to avoid the serious foaming caused by the large amount of sodium 
salts that would be introduced by the straight lime-soda process. 

oT linois State Water Survey No. 13, 303. 
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Use of Sodium Hydroxide 


433. Sodium hydroxide deserves special mention as a softening 
reagent because it is a constituent of many boiler compounds and its 
use is often suggested in small scale operations. It should, however, 
receive careful chemical consideration. It reacts with the bicarbonates 
and with magnesium just as calcium hydroxide does (406, 407, 408) but 
with this difference, the sodium carbonate which forms is soluble and 
will, therefore, react with the calcium that is equivalent to the non- 
carbonate hardness. The reaction with the bicarbonate of calcium is 
as follows: 

Ca(HCOs)2+2Na0H = CaCO;+ NaeCO;+2H20 


434. The reaction with magnesium bicarbonate is similar so that 
it is seen that an equivalent of sodium carbonate will be formed for each 
equivalent of carbonate hardness, and, in addition, another equivalent 
for each one of magnesium carbonate decomposed and precipitated as 
magnesium hydroxide. In the precipitation of the magnesium, originally 
in the form of chloride or sulfate (the non-carbonate hardness magnes- 
ium), no sodium carbonate is formed as the following typical reaction 
shows: 

MegsSQ.,+2Na0OH = Mg(OH).+ Na2SO, 


435. A consideration of the above situations shows that if the 
non-carbonate hardness of a water happens to be equivalent to the 
carbonate hardness plus the magnesium bicarbonate, caustic soda 
will be a complete softening reagent because the sodium carbonate formed 
in softening the one group of hardness constituents will be just the 
right amount for precipitating the other group. Such a relation 1s, 
however, very unlikely. One group or the other will be in excess. If 
the total bicarbonates plus the magnesium bicarbonate is greater than 
the non-carbonate hardness, there will be an excess of sodium carbonate 
in the water if sufficient hydroxide had been used to precipitate the 
carbonate hardness. With such a water only enough sodium hydroxide 
should be used to furnish sodium carbonate equivalent to the non- 
carbonate hardness. This will of course not be enough hydroxide for 
the carbonate hardness and the deficiency should be supplied by adding 
lime. Conversely, if the non-carbonate hardness is in excess there 
will not be enough sodium carbonate formed by the reaction of the 
hydroxide with the carbonate hardness and therefore some soda ash 


will have to be added. 
Equipment for Softening by the Lime-Soda Process 
a 


436. The lime-soda process is carried out by one of two general 
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plans, intermittent or continuous. In the intermittent process a tank 
of water is treated with the calculated amount of reagents, stirred, and 
after a proper period of subsidence the clear, soft water is drawn off. 
The continuous system is so planned that the chemicals are autom atically 
introduced into a current of the hard water which then follows a tortu- 
ous course around baflles to give time for the sludge to settle so that the 
treated water emerges clear in a steady stream at the outlet. 


Intermittent Softeners 


437. The mechanical equipment of an intermittent softener con- 
sists of a tank provided with a stirring device, an inlet for raw water, and 
a floating outlet for the soft water so that it may be drawn from the 
surface and thus secure the maximum subsidence time for the bulk of 
~ the supply. Provision for running off the sludge must also be made. 
In addition there is a small mixing tank for preparing the chemicals. 
This must be provided with a stirrer and, if located on the floor, with a 
pump for transferring the chemicals to the tank. In some installations 
the chemical mixing tank is above the treating tank thus permitting 
the lime and soda ash to flow in by gravity. 

438. The operating procedure consists in testing the tankful of 
raw water, and on the basis of this test calculating and adding the dose 
of lime and soda. The stirring device of the treating tank is kept 
operating for about an hour to provide thorough mixing of the chemicals 
and old sludge with the water and thus hasten the reactions. After 
this reaction period the water is allowed to rest for from four to six 
hours to provide for settling of the sludge. For many purposes this 
settled water is sufficient; in some installations, however, it is filtered. 
The above description is for one unit only which can be built in a variety 
of sizes. Large installations consist of several treating tanks which 
can be supplied by one chemical mixing tank. In this way one tankful 
of water can be treated while another is subsiding. By adding more 
treating tanks the installation can be enlarged almost indefinitely, 

439. The advantages of the intermittent system lie in the accurate 
regulation of the chemicals to the water, a point of importance in treat- 
ing surface waters which usually vary in composition over wide limits; 
in the ease with which errors in treatment can be adjusted; in the sim- 
plicity of the apparatus employed, thus calling for the minimum of 
attention to the mechanical parts; and in the ease with which the plant 
can be enlarged as more demands are made upon it. Its chief dis- 
advantages are the larger space demanded as compared with a con- 
tinuous system of the same capacity and a greater first cost of installa- 


tion. 
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Continuous Softeners 


440. Excepting the large installations for softening a city supply, 
the continuous softener is a vertical tank consisting of two essential 
parts: (1) an inner mixing chamber of small diameter, usually provided 
with an agitator, at the top of which the raw water and chemicals are 
introduced in a continuous stream, and (2) an outer part of large diam- 
eter through which the treated water rises slowly to provide time for 
the sludge to settle. In this way a continuous stream of clear, soft 
water is furnished, which may be used as it leaves the softener or be 
filtered according to its proposed use. An essential part of the equip- 
ment is a small chamber for mixing the chemicals and an automatic 
mechanical device for adding them in proper adjustment to the rate of 
inflow of the hard water. The interior of the vertical tank is further 
frequently provided with an intricate set of baffles to facilitate the 
mixing and to provide places of deposit for the sludge.. A not infrequent 
addition at the top of the soft water compartment is a filtering layer of 
sand or excelsior which removes the last traces of suspended matter. 
There are of course appropriate valves for regulating the flow of water 
through the apparatus and for disposing of the sludge. 

441. The operation of a continuous softener is, theoretically at 
least, simplicity itself. The chemist furnishes the formula for the lime 
and soda ash. ‘These are put into the mixing chamber and the water 
turned on. After that everything is automatic. If the rate of flow of 
raw water varies the addition of the lime-soda mixtures automatically 
varies in the same way. Sludge is drawn off from time to time and the 
supply of chemicals must be kept up. 

442. The advantages of the continuous system lie in the smaller 
space occupied, the smaller first cost of installation, and in the lesser 
attention demanded on account of the automatic regulatory devices. 
Its disadvantages are the greater difficulty of adjusting the chemicals 
to rapid changes in the composition of the raw water and in the me- 
chanical difficulties peculiar to automatic devices. 


Choice of a Softener System 


443. Obviously the choice of a system is a matter that can be de- 
termined only by conditions. Economy of space and cost of installation 
must be balanced against refined control of the quality of water fur- 
nished and the ease with which the capacity of the plant can be increased. 
Water softeners like engines and boilers are made to sell. Each manu- 
facturer of softeners has his pet appliances and patented feeding and 
measuring devices. Not all of them are good. The average Ohio 
manufacturer using the average Ohio hard water in his boilers will 
always find that softening pays, but the best softener can be determined 
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only by knowing all about the conditions of the factory, the raw water, 
and the use to which the soft water is to be put. It is a question that 
can be decided only by a competent chemist or chemical engineer. 


Chemical Investigation of Raw Water 


444. In order to calculate the amounts of lime and soda ash for 
softening a given water, the amounts of the following constituents 
must be known: 

Free carbonic acid 
Carbonate hardness 
Non-carbonate hardness 
Total magnesium 


In addition it is desirable to know the amount of sodium chloride, 
sulfate, and nitrate ions and total organic matter,!!' because these sub- 
stances influence the lime-soda reactions, and knowledge of the amounts 
present will aid the chemist in understanding the behavior of the water 
during softening. The following detailed procedure is recommended: 

445. On receipt of the sample its turbidity and color should be 
noted. If there is much finely divided solid matter in the water it 
may be necessary to use a coagulant (513) in order to obtain a clear 
water after softening. If the water is colored yellow or brown dissolved 
vegetable matter is indicated, which might interfere with the softening 
reactions (417). 

446. The sequence of chemical work should be as follows: (1) De- 
termine the free carbonic acid. (2) Start the determination of total 
solids and eventually ignite the residue at a red heat to get what informa- 
tion this may afford as to the presence of organic matter. A blacken- 
ing with the odor of charring wood indicates vegetable matter and an 
odor of burning flesh points to animal matter. Sometimes little sparks 
will be seen during the ignition. This probably is caused by the simul- 
taneous presence of organic matter and nitrates. The residue after 
ignition may be weighed but the information gained will be of little 
value. 

447. (3) Determine the carbonate or temporary hardness, that is, 
determine the alkalinity with methyl orange or erythrosine. At this 
point it will be well also to note the reaction of the water to phenolphtha- 
lein. If a red color is produced it indicates the presence of normal 
carbonates or of hydroxides, or both, ard it may then be necessary to 
titrate another portion of the water using phenolphthalein as indicator 
and calculate the amounts of the different forms of alkalinity. Some 
natural waters show phenolphthalein alkalinity and treated waters 


11The determination of the so-called oxygen consumed as made in the routine 
sanitary analysis of a water will serve as a measure of total organic matter. _In the 
present state of our knowledge of the effect of organic matter on the softening re- 
actions a quantitative determination has little value however. 
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very commonly do so. Surface waters polluted with trade wastes may 
of course show any reaction. 

448. A water originally high in carbonate hardness, and which has 
been exposed to the air for some time, or which has been heated, will 
give a red color with phenolphthalein due to the slight amount of cal- 
cium carbonate in solution. The absence of hydroxides can quickly be 
determined by adding a drop or two of barium chloride solution. The 
barium reacts at once with the carbonate ion to form the insoluble 
barium carbonate and the red color will immediately be discharged. 

449. An occasional hard water will be encountered that is acid 
even to methyl orange. This would be true of certain waters and 
occasionally of streams polluted with trade wastes. Such a water would 
have no carbonate or temporary hardness and before treating it the acid 
would have to be neutralized. To calculate the amount of such neutral- 
ization it would be necessary to determine the acidity of the water which 
can be done by titrating a measured portion with standard alkali (0.05N). 

450. (4) Determine the non-carbonate hardness. It of course 
makes no difference how the non-carbonate hardness is found. It may 
be done directly by the soda reagent method or the total hardness may 
be determined by soda reagent, or by determining the total calcium 
and magnesium and then get the non-carbonate hardness by subtracting 
the carbonate value from the total. 

451. Waters will often be found in which the carbonate hardness 
as determined by titrating with methyl orange is greater than the 
total hardness. This paradoxical situation is due to the presence of 
sodium carbonate, bicarbonate, or hydroxide. A surprisingly large 
amount of calcium and magnesium salts may accompany a considerable 
amount of sodium bicarbonate, and in case such a water is to be softened 
an undue amount of lime (410) will be required. 


(5) Determine the total magnesium. 
Lime and Soda Ash Requirements 
General Discussion 


452. To make reference easier the fundamental reactions of the 
lime-soda process are reproduced here. 


I. Reactions with lime. 
(1) H.CO;+Ca(OH),=CaCO;+2H20 
(2) Ca(HCOs;)2+Ca(OH).=2CaCO;+2H,0 
(3) Mg(HCOs;)2.+Ca(OH)2=MgC0O;+CaCO;+2H,0 
(3a) MgCO;+Ca(OH)2=Me(OH).+CaCO; 
(4) MegSO.+Ga(OH)2= Mg(OH)2+CaSOx. 
II. Reaction with soda ash. . 


CaSO.+NazCO; = CaCO;+NazSO,g 


' 
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In these reactions the sulfates of magnesium and calcium are used 
merely as typical of the non-carbonate hardness. The chlorides and 
nitrates might also be present and would react in the same way. 

453. An inspection shows that the total lime needed for softening a 
water 1s as follows: One equivalent of lime for each equivalent of free 
carbonic acid, reaction (1); one equivalent of lime for each equivalent 
of calcium bicarbonate, reaction (2); one equivalent of lime for each 
equivalent of magnesium bicarbonate, reaction (3); one equivalent of 
lime for each equivalent of magnesium carbonate formed in reaction 
(3), reaction (3a); and finally, one equivalent of lime for each equivalent 
of magnesium combined as sulfate, chloride, or nitrate. 

454. These lime requirements are plain and definite but they 
do not coincide with the data of the ordinary water analysis which 
measures the total amount of bicarbonates, that is, the carbonate 
hardness, without distinguishing the calcium and magnesium bicar- 
bonates separately. Similarly the total non-carbonate hardness is 
determined without attempting to divide it into two parts, one caused 
by calcium sulfate, chloride, or nitrate, and the other by the correspond- 
ing magnesium salts; or if the total magnesium and total calcium are 
determined, there is no way of distinguishing which part is present as 
bicarbonate and which is there as sulfate, etc. In view of these con- 
siderations, therefore, it becomes necessary to translate the lime re- 
quirements as shown by the reactions above into the terms of water 
analysis. Fortunately it is a simple matter, and when so transformed 
becomes the following: 

(1) One equivalent of lime for each equivalent of carbonic acid. 

(2) One equivalent of lime for each equivalent of carbonate hard- 
ness. 

(3) One equivalent of lime for each equivalent of the total mag- 
nesium irrespective of its form of combination. 

455. The reaction with free carbonic acid remains the same as 
given in 452 and needs no explanation. The carbonate hardness corre- 
sponds to reactions (2) and (3), and owing to the fact that the magnesium 
carbonate resulting from reaction (3) requires an extra equivalent of 
lime to transform it into the insoluble hydroxide, it is seen that reactions 
(3a) and (4) correspond to the total magnesium. ‘Thus it is seen that 
free carbonic acid, carbonate hardness, and total magnesium are chem- 
ically equivalent to the fundamental reactions which give the lime 
requirements. 

456. Soda ash is required to precipitate the salts equivalent to 
the non-carbomate hardness, which it will be recalled is due to those 
compounds of calcium and magnesium other than the bicarbonates. 
It is at first puzzling to see that the total non-carbonate hardness must 
have its equivalent of soda ash in spite of the fact that the magnesium 
combined as sulfate is precipitated with lime. The puzzle is solved, 
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however, as soon as one notes that in reaction (4) above an amount of 
calcium sulfate exactly equivalent to the original magnesium compound 
remains in solution in the water. In other words the precipitation of 
magnesium sulfate with lime leaves the water as hard as before. 

457. In softening operations on a large scale the formulas for 
adding reagents are usually given in terms of pounds avoirdupois per 
1,000 gallons of water, and industrial water analyses are usually stated 
in terms of grains per U. S. gallon. The required lime and soda ash 
are also sometimes given as grains per gallon. In recent years, however, 
there is a growing tendency to report analyses in parts per million, 
and it is, therefore, necessary at times to calculate the values of one 
system in terms of the other. This can be done according to the follow- 
ing formulas: 


Parts per million X0.05842 = grains per U. S. gallon. 
Grains per U. S. gallon 17.12 =parts per million. 


Grains per U. S. gallon 
7 


Parts per million X0.0083 = pounds avoirdupois per 1,000 gallons. 


=pounds avoirdupois per 1,000 gallons. 


458. According to the fundamental reactions as given above the 
active lime softening reagent is calcium hydroxide, Ca(OH)... It is 
possible to buy calcium hydroxide (hydrated lime) on the market, but 
in the operation of a large softener burnt lime, CaO, is almost universally 
used, and the calculations below are made accordingly. Since the 
molecular weight of calcium oxide, CaO, is 56, and that of calcium 
hydroxide, Ca(OH)2, is 74, their relative values as softening reagents 
are 56 lbs. of CaO =74 lbs. of Ca(OH): or 1 lb. of burnt lime is as effective 
as 1.321 lbs. hydrated lime. 


Calculation_of Required Lime 


459, (1) Lime required to react with the free carbonic acid. Free 
carbonic acid is usually stated, as in the analyses of this Bulletin, in 
terms of carbon dioxide, CO., one equivalent of which is equal to one 
equivalent of carbonic. acid, H,;CO3. Since the chemical relation of 
CaO and Ca(OH): is as one to one, it follows according to the reaction 
that for each equivalent of free carbon dioxide in a water there must 
be added one equivalent of lime, CaO. The further details of the calcula- 
tion are as follows: . 


56.07 (CaO)!¥ : 44 (COs) :: wt. of CaO required : wt. of CO, 


The expression 


gives the relation by weight existing be- 


12Tn this and in the following equations the molecular weights with the chemical 
formulas of the substances in question are used. 
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tween any amount of free carbon dioxide and the lime required to 
react with it in the softening process. When reduced to a decimal 
fraction it becomes 1.2743, and the following simplified expression can 
therefore be written: 


Lime required for the free ma ~ eek of free CO 


in a given volume of water in same volume 


*b 1.2743 


For example, one grain per gallon free carbon dioxide will require 
1.2743 grain per gallon lime, and one part per million free carbon dioxide 
will take 1.2743 part per million, that is, 1.2743 milligram per liter of 
lime, ete. 

The number of pounds of lime!* to react with the carbon dioxide 
in 1,000 gallons of water is given by the following expressions: 


Grains per gallon CO.X1.2743 


(A) 5 


Parts per million CO2 0.05842 1.2743 


(B) 7 


When these formulas are simplified, they become, 


(A,) Grains per gal., CO2 0.1820 = pounds lime per 1,000 gallons. 
(B,) Parts per mill., CO:0.0106=pounds lime per 1,000 gallons. 


460. (2) Lime required to react with the carbonate hardness or 
alkalinity. The bicarbonates in a water constituting ‘the carbonate 
hardness are given in terms of calcium carbonate, an equivalent of which 
is equal to an equivalent of calcium or magnesium bicarbonate, there- 
fore the lime requirement is shown by the molecular relation, 


56.07 (CaO) : 100.07 (CaCOs) :: wt. CaO required : wt. of CaCO; 
6-07 . 


The relation a is 0.5603 and the two expressions giving the lime 


required to decompose the carbonate hardness in 1,000 gallons of water 


are, 
Grains per gal. of carbonate hardness, (CaCOs) 0.5603 
(A) : 
(B) Parts per mill. of carbonate hardness, (CaCOs) X0.05842 X0.5603 


7 


When A and B are simplified they become, 
(A,) Grains per gal., carb. hardness (CaCOs) 0.0800 = pounds CaO per 1,000 gal, 
(B,) Parts per mill., carb. hardness (CaCOs) X0.0047 = pounds CaO per 1,000 gal, 


1128 The calculated results in these paragraphs refer to pure lime, CaO. Commercial 
lime, however, is never 100% pure. In preliminary calculations it, is usually assumed 
to be 90% CaO, therefore the results obtained for pure lime must be divided by 0.90 to 
obtain the corresponding weight of commercial lime. 
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461. (3) Lime required for the total magnesium. The molecular 
relation is as follows: 


| 
56.07 (CaO) : 24.32 (Mg) :: wt. of CaO required : wt. of Mg. 


56.07 


The relation of CaO to Mg, ea ae is 2.3055 and the lime required 


for the magnesium in 1,000 gallons of water is, 


Grains per gal. of MgX2.3055 


(A) 7 


Parts per mill. of MgX0.05842 2.3055 


(B) 7 


These two expressions on simplification become, 


(A:) Grains per gal. Mg 0.3293 = pounds CaO per 1,000 gal. 
(Bi) Parts per mill. Mg <0:4924= pounds CaO per 1,000 gal. 


462. Some chemists prefer to calculate all determinations made as 
data for softening in terms of calcium carbonate, and consequently 
such analyses are frequently found. If, for example, the free carbon 
dioxide, the carbonate hardness, and the total magnesium are all in 
terms of CaCOs, the three values can be added and the sum multiplied 
by the factor for grains per gal. or parts per million, as the case may be, 
to get the lime requirement. For the convenience of those who may 
prefer to recalculate the results as given in this Bulletin the following 
factors are offered: 


CO: X 2.2743 =CaCOs 
Meg X 4.1147 =CaCoO; 


Calculation of Required Soda Ash 


463. Since the non-carbonate or permanent hardness in terms of 
calcium carbonate is the measure of the salts that require soda ash for 
their precipitation, the calculation is based on the following proportion: 


106.00(NazCOs): 100.07(CaCOs) :: wt. of NasCO; required : wt. CaCO; 


6.00 


£2710 : ; we 
The ratio : is 1.0593, and the expressions giving the pounds" 


of soda ash to remove the non-carbonate hardness from 1,000 gallons 
of water are, ; 


u2> For preliminary calculations soda ash is usually assumed to be 99% NasCOs. 
The results obtained in the paragraph must therefore be divided by 0.99 in order to 
obtain the equivalent weight of the commercial soda ash. 
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(A) Grains per gal. non-carbonate hardness (CaCQs) X 1.0593 
4 


(B) Parts per mill. non-carbonate hardness (CaCOs) X0.05842 X 1.0593 
7 


On simplification A and B become, 


(Ax) Grains per gal. non-car- 
: bonate hardness (CaCQs) 


Parts per mill. oe be 
(B:) Sere handineateaCOn 0.0088 = pounds NazCOs; per 1,000 gal. 


} 0.1513 = pounds NazCOs per 1,000 gal. 


Experimental Determination of Lime and Soda Ash 


464. Many chemists prefer to treat a measured amount of water 
with an excess of lime, and after reaction has taken place, determine the 
excess by titration. The difference between what is left after the reac- 
tion and the original amount is the portion consumed by the water. 
In a similar general way the soda ash quota may also be found. An 
objection to such a procedure at once suggests itself in that the water 
is in both cases treated with a large excess of reagent, and, as the pro- 
cedure usually demands, at a high temperature. It would be expected 
that less lime and soda would be used under such abnormal conditions, 
but the opposite seems to be the case. Bartow and Jacobson™’ made a 
comparative study of such experimental methods and of various schemes 
for calculating lime and soda additions, and found that the experimental 
method called for more lime than was obtained by calculating the 
requirement as described above. They also made a series of tests by 
treating liter samples of an artificially prepared hard water with varying 
amounts of lime. Sodium carbonate equivalent to the permanent 
hardness of this water was added to all samples. The results showed 
that the amount of lime as calculated from the alkalinity, magnesium, 
and carbon dioxide, was more nearly correct than that obtained by 
boiling a portion of water with an excess of lime water and back titrating 
in order to find how much had been used in precipitating the hardness 
constituents. 

465. These authors also call attention to the frequent discrepancy 
between the amounts of reagents as calculated in the laboratory and as 
used in practical softening. Their comparisons show that the large 
scale treatment of water used more lime and soda ash than were called for 
by the calculations. They intimate that the difference may be due 
to the impurities found in commercial lime and soda ash. 

466. The particular procedure selected here for illustrating the 
experimental method is the one by Lord and Demorest:'4 


U3Analytical Control of Water Softening, Illinois State Water Survey, Bull. No 


8. 
114Metallurgical Analysis, 5th ed,, p. 426. 
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“To determine the amount of lime and soda ash to add to soften the water pro- 
ceed as follows: Put in a 250 cc. Jena flask 200 cc. of the water to be tested, add 50 
cc. of saturated lime water and heat to boiling. Cool, shake well, and filter through 
a rapid filter, wash three times with pure, freshly boiled water, and titrate the filtrate 
with 0.0357N HCl, using methyl orange as indicator. Treat 200 cc. of freshly boiled 
distilled water in exactly the same way, being careful to use the same amount of methyl 
orange in both cases and to finish at the same depth of color. The number of cubic 
centimeters of standard HCl used the second time, minus the number of cubic centi- 
meters used the first time, multiplied by 5 gives the parts of lime to add to a million 
parts of water. 

“Now add to the titrated water in a porcelain dish 30 cc. 0.0714N NazCOs, heat 
to boiling, cool, filter, and titrate the excess of soda. The sodium carbonate precipi- 
tates both the CaCl, made in the first titration and the CaSQ,, etc., in the water. 
Therefore, to calculate the amount of sodium carbonate necessary to soften the water 
subtract from 2 X30=60, the total amount of 0.0357N HCl that has been used in both 
titrations and multiply by 9.45.” 


467. By far the most rapid and convenient way of getting a check 
on the calculations of the amounts of lime and soda ash for the proper 
softening of a given water is to soften liter or gallon portions in the 
laboratory. Standardized solutions of lime water and sodium car- 
bonate should be employed. They can be used singly or together and 
the amounts can be yaried.. In this way not only the softening accom- 
plished by the calculated portions can be found but by a simple cut-and- 
try scheme the optimum amounts to produce a given result can be 
worked out. 


Greth"® makes the interesting observation that such laboratory 
scale treatments of water with softening reagents do not give as good 
results, even with a longer period for subsidence of the sludge, as can 
be obtained on the large scale. This is, however, no objection to the 
utility of laboratory experiments. 


Calculations from Hypothetical Combinations 


468. The majority of industrial water analyses are still reported 
in terms of the hypothetical combinations (Chap. IV). This.is not a 
satisfactory scheme for use in the calculations of water softening but 
is of such common occurrence that it demands attention. In such an 
analysis the hardness constituents are listed as carbonates, sulfates, 
chlorides, or nitrates of calcium and magnesium, and in calculating the 
lime and soda ash requirements it is assumed that the carbonates of 
calcium and magnesium represent the carbonate hardness of the water 
and that all other salts of these metals make up the non-carbonate 
hardness. Each item in such an analysis must be calculated separately. 
according to the molecular relations as shown in the reactions, the 
general rule being as follows: (1) Calculate the lime requirement for 


167, Ind. and Eng. Chem. 3, 15. 
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the free carbon dioxide, for the calcium carbonate, and the magnesium 
carbonate, and for all magnesium salts including the magnesium car- 
bonate again. The sum of these items will be the total lime requirement. 
This is the same as the lime required for the carbonate hardness and 
for the total magnesium. (2) Calculate the soda ash required for all 
calcium and magnesium salts, excepting the carbonates. This is the 
same as the soda ash requirement for the non-carbonate hardness. 
Finally, it must be added that these rules may give very unsatisfactory - 
results in the case of many analyses; they are to be looked upon merely 
as the best that.can be done under the circumstances. A table of 
factors for use in such calculations is offered below. In it are also in- 
cluded those factors given above. 


TABLE XVIII 
Factors for multiplying the analytical results to obtain the pounds 


of reagent to use for the removal of a given hardness constituent from 
1,000 gallons of water. 


I. Analytical result is in parts| IJ. Analytical result is in grains 
per million per U.S. gallon 
Hardness Lime, CaO cia ie Lime, CaO a 
constituent requirement F requirement : 
requirement requirement 

CaCO; 0.0047 0.0088 0.0800 Oe Sis 
023) Gl el) ere OPOOSGR. Lit) kre e 0.1364 
CatING@ ys “| sts. OROOSE Ee nit oe 0.0923 
OSG lay es eee OHOOGS, Sat | een: O.1112 
CO, Ones ee I MP re OEUSZ 0 at, Fees 
Mg OBO ie eae eran 053293" 2 oe 
MgCoO; Ue OSS ye eS IR Se eee DEOSSOT m. .. Uy aieeeee. 
MgCl 0.0049 0.0093 0.0841 0.1590 
Meg(NOsz)2 0.0032 0.0060 0.0540 0.1021 
MgSO, 0.0039 0.0073 0.0665 0.1258 


“Notre: The soda ash factor for calcium carbonate refers to non-carbonate 
hardness which when given is in terms of calcium carbonate. In the case of the mag- 
nesium salts haying both lime and soda ash factors, the lime factor is for the precipi- 
tation as magnesium hydroxide and the soda ash factor for the precipitation of the 
equivalent calcium salt left after removing the magnesium. 


469. Examples of calculating the lime and soda ash requirements. 
Suppose that the calcium and magnesium salts in a given analysis are 
stated as follows, the results being in parts per million: 


Magnesium nitrate, Mg(NOs)2= 13 
Magnesium carbonate, MgCOs= 105 
Magnesium chloride, MgCl, » = 13 
Calcium carbonate, CaCO; = 120 
Calcium sulfate, CaSO = 82 


146 INDUSTRIAL WATER SUPPLIES OF OHIO 


According to the statements above, the lime requirement is cal- 
culated for twice the magnesium carbonate, for the remainder of the 
magnesium salts as they stand, and for the calcium carbonate. The 
soda ash requirement is calculated for all compounds as they stand 
excepting the carbonates of magnesium and calcium. The necessary 
arithmetical work and use of the factors are indicated below: 


Lime required for Mg(NOs)2= 130.0032 =0.0416 


ad ey “MeCO; =2(105 <0, 0056) =1. 1550 
sf ‘s “ MgCl. =a 13<0500498—050637, 
% “ “ CaCOz; = 120X0.0047 =Q.5640 

Pounds of lime required for 1,000 gal. 1.8243 


Soda ash required for Mg(NOs)2=13 X0.0060=0.0780 
“6 « “ MeClh =13 X0.0093 =0. 1209 
Ge & & “ CaSO, =82 0.0065 =0.5330 


"Pounds of soda ash required for 1,000 gal. 0.7319 


470. The methods illustrated in Table XII, paragraph 91, can also 
be adapted to calculations involving the breaking up of hypothetical 
combinations. 


How to Determine whether a Water is Properly Treated 


471. Even with correct analyses of the raw water always at hand 
and correct calculations of the amounts of lime and soda ash used it is 
necessary from time to time to apply the check of an examination of 
the treated water. ‘This is especially true of those cases in which satis- 
factory treatment is not obtained. 

472. The methods of examining the softened water are plainly 
suggested by the various chemical situations that may arise as the result 
of correct additions of lime and soda ash, or of the use of too much 
or too little of these reagents. An inspection of the various possible 
conditions shows that a deviation from the proper amounts of lime and 
soda ash results in a change in the relative caustic and carbonate alkalinity 
of the treated water and in its total hardness. Other differences are 
also present, notably variations in permanent hardness and magnesium, 
but these seldom need to be measured. ‘The determinations therefore 
that should be made on the treated water are: 


I. Titration with standard acid using phenolphthalein as indicator =P. 
II. Titration using methyl orange = M. 
III, Determination of total hardness = H. 


This examination should be made according to the methods in 
Chapter V, and the results should all be calculated to a common basis, 
best as parts per million of calcium carbonate. 
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473. There might be mentioned in this connection a qualitative 
experiment by which the presence of caustic alkalinity can be determined. 
If a few drops of barium chloride solution is added to a water reddened 
by phenolphthalein the red color will be discharged at once if caused 
by normal carbonates alone because the CO; ions will be precipitated as 
barium carbonate and an equivalent amount of soluble chloride will be 
left. If, however, caustic alkalinity due to free calcium or sodium 
hydroxide is present the red color of the indicator will not be destroyed. 

474. In most cases the determination of P and M only need be 
made. Indeed some routine directions for the examination of the 
treated water do not include finding the total hardness or the H value, 
but depend entirely upon the absolute values of P and M and upon the 
ratio of P to M. Beginners will do well, however, to determine the 
total hardness, at least until they have grown in experience. 

The following gives in condensed form the commoner results of 
variations in dosage of lime and soda ash: 

475. JI. Correct amounts of lime and soda ash. The treated and 
settled water will be a saturated™® solution of calcium carbonate and 
magnesium hydroxide together with whatever colloidal calcium car- 
bonate may be present. This latter will gradually precipitate if the 
softened water stands a long time. If just the calculated portions of 
lime and soda ash are added the reactions will not be completed, and 
consequently a little of both carbonate and non-carbonate hardness will 
be present. This residual hardness will contain a larger proportion of 
magnesium salts than was in the raw water. The amount of total 
hardness: left after treatment in the cold with the theoretical doses of 
lime and soda ash will vary greatly according to conditions. The mini- 
mum attainable is from 45 to 50 parts per million, or about 3 grains per 
gallon. Under unfavorable conditions, nearly twice as much may be 
left in the water. The following are apparently some of the determining 
factors: 

476. The harder the raw water is, the higher may be the hardness 
left after treatment with the calculated lime and soda ash. This is 
probably due to the solvent action of the large amounts of soluble salts 
that would be in such a water. 

477. The greater the organic matter in the raw water, the higher 
may be the hardness left in the treated water. Protective colloid 
effects offer a plausible explanation for this. 

478. The higher the magnesium salts in the raw water, the higher 
may be the hardness left in the treated water. This is in harmony 
with the well-known fact that the magnesium salts are more difficult 
to remove than those of calcium, 


“6This does not mean a saturated solution of calcium carbonate and magnesium 
hydroxide such as would result from shaking an excess of these substances in distilled 
water but a solution of them in a water containing the variety of soluble substances 
that would normally be in a natural water after softening. 
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479. In such a theoretically treated water H may run from 45 
to 75, M from 25 to 40, and P will be approximately half M.™7 

480. If it is desired to push the cold softening to its limit of about 
50 parts per million of total hardness in the treated water, an over- 
dose of lime and soda ash must be used if the raw water is very hard, 
over 200 parts per million, for example. The same may be true in 
the case of raw waters containing organic matter or having a high con- 
tent of magnesium. The chemical effect of the over-dosage will be the 
presence of a little caustic alkalinity and a slight excess of sodium car- 
bonate in the water. H in this case will be 50 or less; M will be higher 
than H, and may amount to 100 or more; and P will be more than 
half M. 

481. II. Too much lime; soda ash correct or in excess. Water 
will be a saturated solution of calcium carbonate but will contain little 
magnesium salt. Caustic alkalinity will be present, recognizable by the 
fact that P will be greater than half M due to the excess of calcium 
hydroxide or, if too much soda ash was used, to caustic soda. In this 
latter case sodium carbonate may be present. ! 

H will be lower than normal for the raw water. M will be higher 
than H and P will be more than half M. 

482. III. Too much lime and too little soda ash. Water is a 
saturated solution of calcium carbonate and low in magnesium. There 
will be caustic alkalinity due to calcium hydroxide. 

H will be high in proportion to the excess of lime, and on account 
of the deficiency in soda ash. M will also be high in proportion to the 
excess of lime, and P will be more than half M. p 

483. IV. Too little lime; soda ash correct or deficient. Water is 
a saturated solution of calcium carbonate and contains magnesium 
bicarbonate, carbonate, sulfate, etc. If the deficiency in lime is low 
there will be little or no bicarbonate. ‘The total hardness will be high; 
higher if too little soda ash was used. P will belessthan half M. H will 
‘be high and greater than M in proportion to the deficiency of soda ash. 

484. V. Too little lime; soda ash in excess. Water will be same 
as IV, with respect to Mg salts. Hardness will be high but lower than 
in IV due to the action of excess of soda ash. Compensating effects of 
excess of soda ash and too little lime may make hardness normal. Water 
will contain sodium carbonate. 


P will be half M. H will be high unless compensating effect of ex- 
cess of soda ash lowers it. With a large excess of soda ash M will be 
larger than H. 


485. VI. Too little soda ash; lime correct. Water is a saturated 


U7Tt is with great hesitatidh that these figures are put down. They are to be 
looked upon as crude approximations only. 
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solution of calcium carbonate and magnesium hydroxide and will con- 
tain calcium salts as permanent hardness. 


P will be less than half M. H will be high and greater than M. 


486. VII. Too little soda ash; too little lime. Same as IV. 

487. VIII. Too little soda ash; too much lime. Same as III. 

488. IX. Too much soda ash; lime correct. Water is a saturated 
solution of calcium carbonate and magnesium hydroxide and contains 
sodium carbonate. 


P will be half M. H will be low and less than M. 


489. X. Too much soda ash; too much lime. See II. 

490. It would be comforting if it were possible to set up arbitrary 
limits for H, M, and P, as given above, and specify that certain values 
mean correct or incorrect additions of the softening chemicals, but the 
author has not the courage to do it. Coward-like he offers the sugges- 
tions above and asks for the use of common sense in applying them to 
specific cases. The laboratory methods of softening referred to in 467 
offer opportunities to try the effect of varying the dosage, and thus 
quickly arriving at the correct, or approximately correct, amounts of 
lime and soda ash, which then can be given a finer adjustment in the 
softener. 


Control of Softening by Persons without Chemical Experience 


491. It is obvious that every water softener cannot have a chemist 
in charge, and it is, therefore, a practical question to raise, can the 
engineer or some other employee make tests on the water to determine 
whether the softener is functioning properly? The answer is a qualified 
affirmative. The average intelligent workman, and certainly the chief 
engineer or his assistant, can be taught to carry out the simple chemical 
operations involved in determining the values of H, M, and P, as given 
above. The apparatus and solutions used must, however, be furnished 
by a chemist, and a chemist should also make periodical examinations 
to see that everything is working properly, and in case of serious trouble 
the chemist alone is able to find the cause. Most if not all manufacturers 
of softeners furnish detailed directions for the control work. Such 
sets of routine directions for the operator of a softener are also occasionally 
found in the technical journals. One by Clark is in the Chemical and 
Metallurgical Engineer, Vol. 19, page 674. 


Cost of Water Softening 


492. The costs of water purification like those of any industrial 
operation are distributed over such items as investment in equipment, 


o 
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interest on investment, deterioration, repairs, maintenance, attendance, 
power, and materials used. The writer not being an engineer—not 
even an efficiency one—does not feel able to discuss all of these points, 
and will content himself, therefore, with a few general observations. 
Water softening costs are usually computed on the basis of 1,000 gallons 
of water. Equipment and attendance per 1,000 gallons is less the larger 
the capacity of the softener. The cost of chemicals is proportional to 
the amount of hardness removed and to. the volume of water treated. 
The nature of the hardness also affects the cost of chemicals in the 
sense that it is cheaper to remove a unit of carbonate hardness than one 
of the non-carbonate kind because lime is employed instead of the more 
costly soda ash. 

493. In general, the softening of water is a matter of a few cents 
per 1,000 gallons, and runs under normal business conditions from one 
or two cents up. The cost that a given set of conditions will justify 
is measured not so much by the greater comfort in using the softened 
water as by the savings effected over the cost of using a hard water. 
In the boiler room the use of a properly softened water will reduce to an 
almost negligible amount the enormous expenses entailed by hard 
water. Such items as cleaning out scale and replacing pitted tubes will 
almost disappear. Less fuel will be needed because there will be no 
scale to act as an insulating layer between the source of heat and the 
water. Smaller boiler equipment will carry the load because individual 
boilers will not be out of commission for long periods of time for cleaning 
and repairs. . If boiler compound has been used it can be discontinued. 
These savings are large, and where a very hard water—such as is common 
over Ohio—has been in use, they may amount in a year or two to the 
cost of a softener. In laundries, in addition to the savings in the power 
plant, there is another large item involved in the soap consumption. 
The removal of iron is also a point of interest in laundry work because 
of the brown stains produced when that element is present. In other 
industries such as paper making, starch manufacturing, tanning, dyeing, 
and the like, pure water also is in demand, and its use brings material 
economies and adds to the quality of the finished product. 


Softening by Heating. Feed Water Heaters 


494. Since the introduction of cold water into a steam boiler 
while it is in operation is wasteful of heat, it is a common practice to 
provide preheaters. These are of two types, open and closed, which 
means that one form is an open vessel in which the water remains at 
atmospheric pressure and escaping gases pass out into the air, and the 
other 1s a closed vessel in which the water is not exposed to the air and 
in which a pressure greattr than that of the atmosphere can develop. 
In both forms there occurs a certain amount of purification, which is 
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the greater the higher the temperature of the water, the longer it is kept 
at a high temperature, and the higher the temporary hardness is. 


495. The degree of purification in any form of heater is small in 
comparison with softening by lime and soda ash or by exchange silicates. 
This is because the temporary hardness only is affected to any marked 
extent, and because the water as a rule is not in the heater more than 
a few minutes, which is not sufficient for the completion of the necessary 
chemical changes. Heaters are probably more useful as fuel economizers 
than as purifiers. Conflicting statements are plentiful concerning the 
amount of scale-forming constituents removed. W. M. Booth!!® says 
that the best heaters may remove from 50 to 75 per cent of the car- 
bonate hardness. This is perhaps too optimistic. A private communi- 
cation to the author from an agent of one of the larger manufacturers 
of open heaters states that his company used to believe that about 75% 
of the temporary hardness of the feed water was removed in the heater, 
but after conducting a series of experiments it was learned that this 
belief was not well founded. The communication carries an additional 
statement to the effect that a satisfactory removal of carbon dioxide 
and oxygen is effected by heating the water approximately to its boiling 
point. This is an important item in feed water purification, especially 
in regard to the removal of dissolved oxygen, since this would greatly 
lower the corrosive action of the water. Greth'® says that if an exhaust 
steam heater were effective in removing the temporary hardness it would 
require almost constant cleaning, which would defeat its purpose as 
a heater. A similar outspoken objection to the preheater as a softener 
is made by Read,”° who says that the preheater is not a sludge tank. 
Read and Greth are also authorities for the statement that in a closed 
live steam heater all of the temporary hardness separates but only a 
part of the permanent hardness. The author rather questions this 
statement because there is scarcely time enough in the passage of the 
water through the heater for the completion of the necessary chemical 
reactions. 


Chemical Changes Due to Heating 


496. If water containing temporary or carbonate hardness is 
exposed in an open vessel carbon dioxide (CO:) at once begins to escape, 
even in the cold. This loss of carbon dioxide disturbs the equilibrium 
existing between it and the bicarbonates of calcium and magnesium 
in the water, with the result that some bicarbonate decomposes to re- 
store the carbon dioxide lost. This freshly formed gas will also pass 


18Chemical Engineer 11, 8. 

2Water Purification Facts for Steam Users. A paper read before the Rochester 
Engineer’s Club, Feb. 10, 1910. | ‘2 ? : 

Boiler Waters, their Chemical Composition, Use, and Treatment, University of 
Texas Bulletin No. 1752, page 53. 
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out of the water, again disturbing the balance, and so on till all of the 
bicarbonates have decomposed. The reactions are as follows: 


Ca(HCO;).= CaCO; +H2,0+CO,z 
Meg(HCOs).= MgCO;+ H20+ CO, 


At or near the boiling temperature these reactions go rapidly and 
consequently a 20 to 30 minute period of heating will destroy the tem- 
porary hardness constituents. 

497. The usual statement that both calcium and magnesium 
carbonates precipitate on heating a water containing the bicarbonates 
of the two metals is not true of the majority of natural waters. When 
the ordinary boiler water is heated in an open vessel calcium carbonate 
alone is precipitated even if the water contained magnesium bicarbon- 
ate. ‘The reason for this lies in the fact that the average natural water 
contains a great deal more calctum than magnesium and there is there- 
fore sufficient calcium to react with all of the carbonate ions. Since 
calcium carbonate is more insoluble than magnesium carbonate, it 
precipitates first and continues to come down till all of the carbonate 
ions are used up. This calcium which takes the place of magnesium 
comes from the permanent hardness, the sulfate, chloride, and nitrate 
of calcium in the water, and consequently a corresponding amount of 
the sulfate, chloride, and nitrate of magnesium takes its place. A more 
accurate chemical statement of the situation would be, that owing to 
the greater concentration of the calcium ions and the greater insol- 
ubility of calcium carbonate, the solubility product of calcium car- 
bonate is reached first, and therefore it precipitates. In the case of 
waters that do not contain an excess of calcium salts, some magnesium 
carbonate will also precipitate. Finally it should be added that heating 
drives out of a water not merely the carbon dioxide but also other dis- 
solved gases. This fact is important in the purification process because 
oxygen, which is nearly always present in a feed water, and hydrogen 
sulfide, which is sometimes present, are at least partially eliminated in 
the open heater, thus reducing the corrosive action of the water. 

498. If a closed heater is used employing live steam from the 
boiler as a source of heat there will be a partial precipitation of calcium 
sulfate along with the carbonates. This is due to the higher temperatures 
attained in this type of heater, and to the fact that the solubility of 
calcium sulfate decreases with increase of temperature. 


Softening with Zeolites 


499. Softening with zeolites consists in passing the hard water 
through an artificially prepdred exchange silicate which has the property 
of taking out all of the calcium and magnesium and giving up an equiva- 
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lent of sodium salt. After some time this action ceases and the silicate 
is then regenerated by treating it with a solution of salt, sodium chloride. 
An exchange takes place in the reverse direction. Calcium and mag- 
nesium salts go into solution and sodium compounds enter into the solid 
zeolite. The process can be repeated almost indefinitely without 
loss of the original material. 

500. The discovery of this interesting process was made by R. 
Gans, chemist of the German Geological Survey. Gans noted that 
certain natural minerals called zeolites had the property of giving up 
their sodium in exchange for calcium and magnesium when placed 
in a water solution of salts of these bases. Through further study he 
developed an artificial zeolite with a higher exchange power than the 
natural ones. This he called “Permutit.’’”! It is a hard, tough, porous 
solid, completely insoluble in water. The use of this water softening 
material developed and a company was organized in America for handling 
it. This organization known as “The Permutit Company” issues the 
usual printed matter, and it is from one of their pamphlets entitled 
“The Chemistry of Permutit” that much of the following is taken. 
Zeolite softening in the United States is however not confined to the use 
of permutite. A natural zeolite for example is mined here and refined 
for the purpose. The author has made no search for zeolite softening 
concerns other than the Permutit Company, but it happens that the 
advertising matter of two such companies has fallen into his hands. 
Their names are The Vaile-Kimes Company, Dayton, Ohio, and Crane 
and Company, Chicago. Most of the published papers, however, 
that deal with zeolite softening are records of experiments with per- 
mutite and, therefore, the references are of necessity to them. 

501. ‘Synthetic exchange silicates may be produced by precipita- 
tion or by fusing. In the latter, feldspar, kaolin, pearl ash, and soda are 
fused together in definite proportions. The glass thus produced 1s 
crushed and is then lixiviated to remove the soluble silicates.” The 
formula, 2Si02, AloO;, NazO, 6H.O, is offered as at least approximately 
correct for this synthetic zeolite. It will be noticed that no potassium 
appears in this formula although pearl ash was used. It was probably 
added to lower the melting point of the mixture” and may also have an 
effect in producing a product of suitable porosity. The following are 
typical reactions: 


2Si0., AlzOz, NazO+Ca(HCOs)2=2Si0., AlLOs, CaO-+2NaHCOs 
2Si0., Al.Os, Na20+ CaSO, =2Si0,, Al.Os, CaO+ NaoSO, 


The corresponding magnesium compounds can be substituted for 


121The author hopes that American chemists will follow the lead of Chemical 
Abstracts and write permutite as an English word instead of using the original German 
“Permutit.’ He hopes further that the accent will presently settle permanently 


the first syllable. 
ears D. sas J. Amer. Water Works Assoc. 3, No. 2, p. 430. 
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the calcium ones in the above equations. It is to be noted that both the 
carbonate and non-carbonate hardness can be removed. 

502. In course of time the sodium in the permutite is. exhausted 
and no further softening will take place till it is regenerated. This 
is done by treating the solid permutite with an 8 to 10% solution of 
salt. The sodium of the salt quickly takes the place of the calcium or 
magnesium, the latter going into solution as chloride according to the 
following: 

2SiO2, AlzO3, CaO-+2NaCl=2Si0., AlzO:, NazO+CaCl, 


503. In practice the permutite which is an insoluble, granular 
solid, is put into a vertical tank of suitable size for the volume of water 
to betreated. This tank is equipped with the necessary pipes and valves 
for controlling the flow of water and for introducing and washing out 
the regeneration salt solution. There is no sludge of precipitated 
material and, therefore, no provision need be made to handle it or time 
spent in waiting for the water to clear. If, however, the original water 
is turbid with clayey matter it must be clarified or the bed of permutite 
will become clogged. The depth of the layer of permutite and the rate 
of flow of the water through it are of course determined by the hardness 
of the water. The harder the water the slower must be its rate of flow 
or the thicker must be the bed of permutite. 


Rate of Softening with Permutite 


504. The rate of softening with permutite is high as is shown by 
Hoover and Scott!?8 who experimented with the Scioto River water, a 
typical Ohio supply. The raw water had a carbonate or temporary 
hardness of 180 parts per million and a non-carbonate or permanent 
hardness of 200, thus giving a total hardness of 380. On passing through 
a layer of permutite at the rate of seven feet per hour this water was 
completely softened. Jackson says that the reaction time of softening 
by permutite is about two minutes for soft water, three to six minutes for 
medium hard water, and seven to twelve minutes for a very hard water. 
By reaction time he evidently means the time of contact of the water 
with the permutite. This is ten to twenty times faster than the rate of 
softening by the lime-soda process when time for settling of the sludge 
is taken into account. 

505. The net time for permutite softening is, however, conditioned 
by the period of regeneration. Roughly speaking, the time required 
to reactivate the permutite is about the same as the period of softening, 
that is, it will take as many hours to regenerate as the permutite has 
been used for softening. This would mean on a one unit plant that 
it would soften by day and be regenerated at night. 


22230Qhio Public Health Journal 6, 143. 
1247. Amer. Water Works Assoc. 3, No. 2, 426. 
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Character of Water Softened by Permutite 


506. The most striking characteristic of water softened by per- 
mutite is that it literally has a zero hardness, or a near approach thereto. 
It is the only practical way except by distillation for attaining this end. 
Samples 407 to 411 inclusive, of this Bulletin, are examples of permutite 
softened water. The total hardness is not literally zero but is nearly so. 

507. Reference to the equations above will show, however, that 
the softened water contains sodium salts equivalent to the original 
amounts of calcium and magnesium, and since the equivalent weight 
of the sodium salts will average nearly 1.5 times that of the calcium and 

magnesium compounds in terms of calcium carbonate, it follows that 
for each part per million of hardness in the raw water there will be 
about 1.5 parts per million of sodium salts in the softened water. This 
will be sodium bicarbonate for the temporary hardness and sodium 
sulfate, chloride, and nitrate for the permanent hardness. The presence 
of the sodium salts, however, has no effect excepting to increase the 
tendency to foam if the water is used for making steam. The sodium 
salts are nevertheless no advantage and it would be desirable to eliminate 
them. This can be done in part by removing the carbonate hardness 
with lime and then finishing the softening with permutite. 


Combining Lime Softening with the Permutite Process!® 


508. Reference to the equations in 391 shows that eliminating the 
bicarbonates of calcium and magnesium is an ideal industrial chemical 
process because not only are the undesirable constituents precipitated 
but also the added reagent. This lime treatment is furthermore the 
least expensive of the various operations. The resulting product con- 
tains only the magnesium and the sulfates, chlorides, etc., constituting 
the original non-carbonate hardness. On passing this partially softened 
water through permutite, zero hardness is attained, but with the addi- 
tion of much less sodium salt to the water than if the whole softening 
had been accomplished with permutite. 


Operation of a Zeolite Softener 


509. When zeolite alone is employed the sole reagent consumed 
is the salt used in regeneration. This is one of the least expensive of 
chemical substances and therefore adds little to the costs. An ordinary 
workman can be taught to operate the valves and to prepare the salt 
solution, consequently attendance costs are a minimum. Chemical 
services are not needed because the permutite automatically softens 
water of whatever degree of hardness and will handle a water of variable 
composition as well as one that is constant. When, however, the 
zeolite process is combined with lime softening more control work be- 


comes necessary and the services of the chemist must be enlisted. 


128The Permutit Company has a patent on this procedure. 
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Clarification and Decolorization of Water 


510. For many industrial uses a clear, colorless water is ‘more in 
demand than a soft one, and for personal use our aesthetic sense requires 
the same properties. The milk which nourishes man in his early years 
is a liquid of high turbidity, and some of the beverages of his mature 
life are highly colored, but he consistently demands that the water he 
uses shall be perfectly limpid and free from suspicion of tint. More- 
over, freedom from turbidity and color is a desirable prerequisite for 
other forms of purification and, therefore, clarification and: decoloriza- 
tion are among the most important operations of water treatment. 
They can be discussed together because the same methods are used for 
the removal of both color and turbidity. 

511. Ohio is a clay country and her waters are therefore turbid, 
but there are few examples of colored waters like those of many New 
England streams, the color of which is due to dissolved vegetable matter. 

512. The heavier particles in a water are most economically dis- 
posed of by sedimentation. This alone, however, is not sufficient for 
the clayey water of Ohio though it is an excellent preliminary 
treatment.”® 

513. In order to insure a clear water in a reasonable time a so- 
called coagulant must be added. ‘This is a substance such as a soluble 
salt of aluminium or iron which will form a gelatinous precipitate. 
This precipitate entangles the finely divided solid matter constituting 
the turbidity and adsorbs the coloring matter if the water is colored. 
The removal of the precipitate then by settling or filtration removes 
the turbidity and the color. A simple rule holds: Other things being 
equal, the more turbidity and the more color there is to be removed the 
more coagulant must be employed for the removal. Much stress must 
be put upon that phrase, other things being equal. 

514. Aluminium sulfate, called ‘‘alum” in water parlance, and 
ferrous sulfate, copperas, are about the only substances employed as 
coagulants. Of these the copperas is the cheaper but the alum usually 
gives better results and is free from the trouble of producing stains 
which is a fault of the iron compound when not properly handled. 

515. When aluminium sulfate dissolves in water there is a reaction 
between the aluminium ions and the hydroxyl ions of the water which 
results in the precipitation of aluminium hydroxide according to the 
equation, 

Al2(SOx)3-+6HOH = 2A1(OH)3+3 H2SO4 

516. This reaction is reversible, that is, as it proceeds there is 
an increasing tendency for it to go in the opposite direction until an 
equilibrium is reached and no more hydroxide forms. In other words, 
the concentration of the stlfuric acid soon reaches a point at which the 


126K lms, J. W., Water Purification. 
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aluminium hydroxide dissolves as fast as it precipitates. If, however, 
there is an alkali in the water the acid is neutralized as fast as it forms 
and all of the aluminium will be precipitated. In waters fairly high 
in carbonate hardness the soluble bicarbonates serve this purpose. 
If a water is deficient in carbonate hardness an alkali, lime or soda ash, 
must be added. 

517. Aluminium hydroxide is soluble in both acids and alkalis, 
and therefore the proper degree of alkalinity must be maintained in the 
water or maximum results will not be obtained. In actual practice, 
however, the water chemist does not fix his attention so much upon 
the point of minimum solubility of the aluminium hydroxide as he does 
upon its physical properties. He wants a good “floc,” that is, a pre- 
cipitate of aluminium hydroxide which forms quickly in large flakes or 
flocs and which settles rapidly and filters easily. He wants this con- 
dition of flocculation because it is the one under which the alum is most 
effective in removing color and turbidity. Fortunately the conditions 
which make for a good floc are nearly the same—perhaps the same—as 
those for minimum solubility, but exactly what these conditions are is 
not as yet definitely known. 

518. Although the effect on coagulation of each of the variables 
affecting water treatment is not known, present day knowledge points 
strongly to the idea that the hydrogen ion concentration or pH value 
(321) of the water is the dominating one. This means that formation 
of a good floc is so strongly affected by hydrogen ion concentration that 
if some condition exists in a water which prevents good flocculation its 
effect can frequently be overcome by an appropriate change in the hy- 
drogen ion concentration. Whether the concentration should be in- 
creased or decreased can not be determined except by experiment, 
which shows that our knowledge of the situation is still empirical. A 
scientific theory would indicate in which direction the change should 
be made. 

519. Both laboratory experiment and plant experience seem to 
point to the existence of a zone in the acid region, from about pH 4.5 
to 7.0, outside of which a good floc is seldom obtained. Within that 
range, however, the pH must be varied until optimum conditions are 
reached, which is shown by the precipitation of the aluminium hydroxide 
in large flakes. It must be said, however, that this statement is not 
of general application. In the majority of the Ohio filtered supplies, 
for example, the optimum conditions of flocculation are found in the 
region of pH 7.4 to 8.4.%% 

520. The hydrogen ion concentration of the water can be increased, 
that is, the pH can be lowered by adding more alum (514) or by adding 
sulfuric acid. Conversely, the hydrogen ion concentration can be 


126aPrjvate communication from C. P. Hoover. 
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lowered or the pH value raised by the addition of lime or soda. The 
optimum pH value for a given water can be found by experimenting 
in the laboratory with portions of a liter or more. Standard solutions 
of alum, acid, and alkali should be used, the stirring should be done by 
a motor-driven stirrer, the speed of which should be regulated so that 
the large scale conditions of the plant will be approached,!”” and the 
additions of the reagents should be carefully measured. The quickest 
forming floc may be considered the best one!* and the pH of the water 
at the time of its formation the optimum hydrogen ion concentration. 
The conditions found by the laboratory experiments should then be 
confirmed by the large scale operations of the purification plant. 


521. Experience shows that remarkable effects can at times be 
produced by varying the hydrogen ion concentration of a water. Catlett!” 
found in the treatment of many colored waters of North Carolina that 
the optimum conditions for a good floc were at the surprisingly high 
acidity of pH 4.3 to 5.0. These conditions must have been obtained 
by the use of alum because he makes the interesting statement that 
all of his efforts to lower the pH of the highly colored waters by adding 
sulfuric acid were unsuccessful. This would seem to indicate that the 
vegetable coloring matter is a buffer substance. Catlett, however, 
added sulfuric acid to some of the waters in order to obtain the optimum 
pH value. In treating the water of the Tar River, for example, he found 
that by using acid as good a floc was formed by 0.5 a grain per gal. of 
alum as by 1.5 g. p. g. without acid. This means that the extra alum 
had been required to acidify the water. Baylis'8° found by a series of 
tests on a certain water that “‘the optimum point, or the point at which 
the least amount of alum would remove a certain turbidity, was about 
pH 5.5.” He used acid along with alum for the clarification and de- 
colorization of the Baltimore water and found that 0.52 g. p. g. of 
sulfuric acid and 0.32 g. p. g. of alum were as effective as 1.68 g. p. g. 
of alum alone. 

522. Dissolved vegetable matter in a water (color) usually inter- 
feres with coagulation. This has led to efforts to modify the organic 
matter by a pretreatment with chlorine or bleaching powder. The 
effect is marked. Better coagulation and consequently better color 
and turbidity removal is obtained with less alum than if no chlorine is 
used. An excellent paper on such treatment of water is one by Weston, 


J. Am. Water Works Assoc. 11, 446 (1924). 


“7Baylis, J. Am. Water Works Assoc. 10, 365 (1923), says that with due atten- 
tion to details, plant conditions can be duplicated in the laboratory. He makes the 
following interesting observation, “(Chemists should stop saying that they can not tell 
from laboratory experiments what to expect in the plant. Such statements are merely 
a confession that we do not know how to duplicate plant conditions.” 
_ Catlett, J. Am. Water Works Assoc. 11, 892 (1924), used this criterion and 
cites Clark and Theriault as hging of the same opinion. 

Catlett, J. Am. Water Works Assoc. 11, 892 (1924). 

1507. Am. Water Works Assoc. 10, 365 (1923). 
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523. Laymen who may be reading these pages should not be 
alarmed at learning that the drinking water supply of their city is dosed 
with such substances as alum, sulfuric acid, and chlorine. The amounts 
added are, in the first place, very small and, in the second place, the 
original ‘substances have either been removed by filtration or have been 
transformed by natural chemical reactions into harmless compounds 
before the water reaches the consumer. 

524. It must not be assumed that the pH value of a water is the 
only variable that affects coagulation. In March, 1923, the Committee 
on Colloidal Chemistry! of the American Water Works Association 


summed up the matter in the following paragraph: 

“The coagulation of suspended or dissolved materials in a water is not a simple 
problem. While in any single sample of water there is undoubtedly a definite range 
of hydrogen ion concentration for maximum precipitation, under given conditions of 
free carbon dioxide and bicarbonate alkalinity, other factors, some of which are not 
chemical, enter into the problem. Of these, temperature, rate of mixing, degree of 
dilution, concentration and kinds of electrolytes present, nuclei, organic acids, and 
the amount and character of the suspended matter greatly affect precipitation. 
Furthermore, there are specific reactions between aluminium hydroxide and color and 
suspended matter, on which the pH value may or may not throw light.” 


Removal of Iron and Manganese from Water 


525. Many Ohio ground waters contain iron in the form of soluble 
bicarbonate. Such waters may.be clear when first pumped but rapidly 
become cloudy on exposure to the air, probably due to loss of carbon 
dioxide. The particles constituting the turbidity are at first white 
but gradually change to a yellow color and finally coagulate in the form 
of a brown precipitate. A very small amount of iron, as little as one or 
two parts per million, will form a bulky precipitate which not only 
renders the water unsightly and unfit for many industrial uses but also 
is sufficient to stop up the pipes. Manganese in a water behaves in 
the same way and is even harder to dispose of than iron. Fortunately, 
there are few such waters in Ohio.. 

526. The cheapest way of removing iron from a water is by aera- 
tion and sedimentation. The aeration can be accomplished by spraying 
the water into the air, by blowing air into the water, or by causing the 
water to fall in a cascade or trickle through a bed of coarse material 
like stone or coke. The method to be employed is an engineering 
problem peculiar to the specific situation. 

527. Special permutites (500) are also made for the removal of 
iron and manganese from water and their use should be investigated 
when a problem of this sort is at hand. 


131], Am. Water Works Assoc. 10, 277. 


PAR DAL 


THE CHEMICAL CHARACTER OF THE SURFACE 
WATERS OF OHIO! 


The analyses in Part II are taken by permission from the Reports 
of the State Board of Health of Ohio and it is a pleasure to record here 
this example of the cooperation of another important scientific agency 
of the State with the Geological Survey. 


These analyses were made by the State Board of Health to deter- 
mine the wholesomeness of the waters for drinking. They are, in other 
words, sanitary analyses (19) and therefore they do not include so many 
of the mineral constituents as are found in the analyses of the ground 
waters in Part III. In compiling them for this Bulletin only those 
determinations were used that convey an idea of the physical character 
of the water and its suitability for industrial uses. | Where necessary 
the values were recalculated to bring them into conformity with those 
of Part III, except that no attempt was made to compute the grains 
per gallon corresponding to the parts per million. 


Since most of these analyses were made over 25 years ago, the 
question naturally arises as to whether they represent the waters as 
they are today. The answer to this is a qualified affirmative. In the 
"great majority of the rivers these old analyses represent the water as 
itis today. If a stream has not been receiving an increasing amount of 
industrial waste the average mineral content of its water will remain 
constant over long periods of time. In cases like the Mahoning River, 
however, the situation.is different. The results given for its lower 
stretches, where it now receives the industrial sewage of numerous 
steel mills, have only a historical value at present. 


Part III also contains the analyses of many samples of river water. 
They can not, however, be compared with those of Part IL because the 
waters of a stream vary so much with seasonal changes and with weather 


conditions, that any one sample might deviate very much from the 
average. 


1In addition to the analyses of-the surface waters of the State, the Reports of the 
Ohio State Board of Health also contain hundreds of analyses of well waters. These 
results are scattered through the annual volumes, mostly under the heading, ‘“‘Examina- 
tion of Miscellaneous Waters from Private Supplies and Special Sources.” 
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In the volumes of the Board of Health Reports the analytical results are dis- 
cussed at length and those who may be seeking detailed information about the char- 
act r of the Ohio surface waters should consult these reports: 

In Report for 1898. Mahoning River, Olentangy River, Scioto River, and Little 


~ Scioto River. 


In Report for 1899. Auglaize River, Blanchard River, Maumee River, Ottawa 
River, St. Joseph River, St. Marys River, and Sandusky River. 

In Report for 1900. Apple Creek, Killbuck Creek, Kokosing River, Licking 
River, Mohican River (Black Fork), Mohican River (Rocky Fork), Muskingum River, 
Nimishillen Creek, Nimishillen Creek (West Branch), Stillwater Creek, Tuscarawas 
River, Walhonding River, and Wills Creek. 

In Report for 1901. Buck Creek, Greenville Creek, Mad River, Miami River, 
Little Miami River, Little Miami River (East Fork). 

In Report for 1902. Lake Erie and Ohio River. 

Under date of April, 1915, the State Board of Health issued a special volume, pre- 
pared by M. Z. Blair, entitled Report of Public Water Supplies on the Ohio River. 
This report gives a series of analyses along the course of the Ohio from New Martins- 
ville, W. Va., to Cincinnati, Ohio. The samples were taken between Oct. 20 and 
Nov. 3, in 1913. 

The chemical work and field observations taken from the report for 1898 were 
carried out by Professors N. W. Lord and A. M. Bleile of The Ohio State University. 
The results from the subsequent volumes were obtained by various members of the 
staff of the State Board of Health. 

The chemical methods used in obtaining the analytical results reproduced in 
Part II are given in detail in the reports for 1898 and for 1899. In the subsequent 
reports only new methods or modifications of the old ones are to be found. It is suf- 
ficient here to record that the results for nitrate, chloride, hardness, and total solids 
may be compared with the values for the same constituents as given in Part III. 

The determinations of color as given in Part II were made by the original plat- 
inum-cobalt method of Hazen (Am. Ch. Jour. 14, 300). The numerical values as 
given should be multiplied by 100 to obtain the results in the modern terms of parts 
per million of platinum. 

The quantitatively expressed results for turbidity were all obtained by the tur- 
bidity rod and wire method of Hazen(Mass. State Board of Health Report for 1890, 
Part 2, p. 735), and are given in reciprocals of the distance in inches to which the wire 
was immersed when it was just obscured by the turbidity of the water: e. g. if the wire 
was 0.5 in. under water, the turbidity was called 2, if 2 in. under, the turbidity was 
0.5, etc. There are, however, two exceptions to this method of representing turbidities, 
namely, the results for Lake Erie and the Ohio River. These are given in terms of 
the silica standard, the conversions from the data obtained by the rod having been 
made by the method of Whipple (Tech. Quar. for Sept., 1900, p. 285). 
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Locality of Sample 


INDUSTRIAL WATER SUPPLIES OF OHIO 


TABLE XIX 


SURFACE 


WATERS OF OHIO 


Descriptions and Chemical Analyses (parts per million) 


Date 
collected 


Color 


Turbidity Sediment 


Odor 


PIA Maree Ce. ROE es ee ee ee ee ee ee 


APPLE CREEK. 


Samples collected in 1899. 


Wooster, above town......... May 4. .10 071 Slight 

od v4 5 ee May 30 .40 85 Considerable 

s $6 EPR, oreveks June 28 .10 06! Very slight 

iM “ Se ate eee eal Woe lS .09 ee os 

ss £2 EPs Se eae Aug. 18 = .05 061 “f es 

e ib eh abe Ree eer oe Sept. 19 .20 24 Considerable 

MY & SORE Cie ees oe Oct lee a0 06! Very slight 

a) cs int | ea are Noy. 16 .40 12 Slight 
PRV CEA g erence cerns Shy osatdtn tae, atatga de 9 19 

AUGLAIZE RIVER. Samples collected in 1898. 

Defiance, above town......... ulya 222)" = Distinct Slight 

Ma ee Ee A ANE SE OS it Aug. 23.35 Slight 

B « Co ape erases Sept.27  .5 Decided ee 

s ss Silke uated eileen Ocear2 54 Se Distinet a 

os “é BE pes hot pes Nov. 15 .28 Decided Considerable 
AREER ISS ol SEMEN ORES CC EA Ae 35 

BLANCHARD RIVER. Samples collected in 1898. 

Findlay, above town......... july 22s Slight Slight 

é os ERE A), RAR Aug. 25 .28 None ais 

es “ Sea Nea btacaoiey Sept.26 .5 Decided s 

eo “S GE Ae tea eA Oct. 24 .45 Slight Very slight 

“ s SOT oe aval ns Nov. 14 .32 Decided - Considerable 
PSV CLAD CMRAS AoE Ao. ends Sache eral akhoctoees oD 
Findlay, below town......... July 21 1.00 Slight Slight 

ss g Seats, smears © Aug. 25  .2 None Considerable 

: 3 Shey cya Rene ees Sept. 26 .45 Decided Slight 

os So EN tek 7 Oct. 24 .3 Distinct : 

tS ad SI Wasi ale URS Nov. 14 .3 Decided Considerable 
PAWET A DEL Prak Sek rato Ne hh cee aint 45 


“ “cc 
“ “c 
“ “ 
“ “ce 
$¢ “ 
“ce “ 
“ “cc 


BUCK CREEK. 


April 16 
May 24 
20 
10 


eee ewes 


ee ee eee 


IAN CLA REA MG, oon ats sentient kee ee 


Samples collected in 1900. 


mo) 05 Slight 

.10 nO Considerable? 
323 09 Slight 

lS us) Considerable 
17 14 Slight 

mls 16 6 

mi mL 8 

aid 05 Very slight 
55 alhil 


1Turbidity rod on bottom of erp, wire still visible. 
ct 


2Floating vegetation which had se 


ed to bottom. 


None 

Earthy 

Vegetative 
“c 


None 
Earthy 


None 
“ 


None 

Faint musty 
Woody 
Musty 
Earthy 


None 


. Musty 


Peculiar, bad 
Very disagreeable 
Peculiar 


Bad, oily 
Musty 
Peculiar, bad 
Foul 

Peculiar 


None 
Vegetative 
Faint earthy 


“ “ 


Vegetative 
“ 


Faint vegetative 


None 
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TABLE XIX 
SURFACE WATERS OF OHIO 


a MAE Carbonate or Non-carbonate j 
(NOy Ton (Cl) ———_hardness'(CaCO hardness (CaCO) bat ised solids 
0.2 2.4 133.4 36.2 169.6 224 
0.5 3.6 52.9 5 58.1 263 
Ost Pay 4 DDletie ee We Sa Toy, 220 
0.2 3.4 149.0 20.6 169.6 240 
0.3 2:2 157.8 9.8 167.6 250 
0.1 1.6 13552 6.0 161.2 311 
Trace yi 176.6 20.8 197.4 260 
0.4 2.2 145.4 34.4 179.8 268 
0.2 2.6 140.2 16.6 156:8 . 254 
ot) 106.6 142.8 86.4 22952 455 
75 95.0 126.0 37.0 163.0 580 
11.6 LEAT 128.9 72.4 201.3 870 
2.0 71.4 158.2 61.6 ZISES 602 
39.8 27.8 139.0 43.4 182.4 385 
12.4 83.6 139.0 60.2 1992 578 

1.70 19-5 1302 154.6 284.8 678 | 

81.5 165.5 50. 61 162.1 POL IG 1222 
Sf bee 4495 67.9 12572 193.51 1258 
SO 144.5 138.0 98.6 236.6 WS 
62.4 44.9 128.6 72.0 200.6 529 
42.0 164.8 82.8 132555 205.3 882 
1.4 107.7 133.4 147.2 280.6 830 
68.6 127.3 44. (0h 158.4 202.4 962 
yee 350.9 701 111.4 181.5 1302 
40.7 266.0 91.4 125.6 217.0 1073 
$725 34.0 128.8 58.6 187.4 536 
aay a ws 94.9 119.8 214.7 941 
ey! 0.4 242.0 2.98 244.98 407 
4.9 0.3 244.4 Oh ee) DIO 431 
er 0.2 268.0 12.0 280.0 438 
4.9 0.4 260.2 30.0 290.2 463 
(apa Trace 227.6 29.0 256.6 384 
6.6 Trace 239.4 1.8 241.2 386 
Tae 0.4 219.4 3,0 222.4 425 
ve 0.5 249.4 he teg 262.6 399 
5.8 0.3 243.8 18.2 262.0 417 
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INDUSTRIAL WATER SUPPLIES OF OHIO 


TABLE XIX 


Descriptions and Chemical Analyses (parts per million) 


Locality of Sample Date Color Turbidity Sediment Odor 
collected 
LAKE ERIE}, Samples collected in 1901. 

Ashtabula, high pressure..... oritle25 eee 37 Slight None 

¥ e Sa ieee juneel9 tee 2 eirace Very slight Faint 

& w Sole Greeks July 10) 9220 ce Trace eo 

& geil teehee Aug. 6 .9 Very slight Very slight Faint vegetative 
Ashtabula, low pressure...... April25 18 21 Trace None 

s se Coy a eer ees June 19.10 Slight Very slight Faint 

es a ee ane aa ulygrlOimge 20m wx Oe ett Vegetative 

ce s Sa ants oa Aus 76) peo elrace Trace None 

<e es SS a ea Se nes, Bil 8 ce Ss ve 

ee e ae ree Oct; 927) 129 Wenyashichet Very slight sf 

“ “ Sa wee | Oct. 29 ma “ “ “c “ 6“ 
HAWieLac ON EA rc arate: ae icra Rie .14 
Conneaut, Lake Erie......... April 26 .10 Trace Trace None 

es “s ane caeaawen June 19.10 ee § os 

as fe oe aS tear July lOP es “ Very slight € 

wo Ry Bron eaty ers Aug. 13.5 ee Trace Vegetative 
PAW. CLAS Cr Wah re PRE ED oer arin. eo arta 38 eG 
Conneantshy.drant nee oe April 26 .10 Trace Trace None 

es REO uh SD ftir ne Pune We SV @ 8 ORE eee 

oy ee Bebe cae eh Ree uly, On 5 “S None Ke 

ce Ped epee ale Aug. 13 Trace None Ss od 
PAN CLAD Cpe ances Meant nemo ae banter a5) 
Painesville, Lake Erie........ Aprili2oee 9223) ele Considerable None 

rs < rts, Ai eRe June 24.23 58 Shght Trace 

ke § ithe kta Nally On 22 eles s Peculiar 

ss e ROR Moe: TNs, 7 NS 78 3) None 

a3 e BS hhh aca Ores 2 12 WsG s se 
PAWerag Oherr: scat artes ne ee ee 220, 2 <¢ 
Painesville, hydrant.......... April 25 .16 Trace Trace None 

4 Kite gies efile et June 24 .8 None None “ 

¥ S ORE tether folky WOy 55 S s “ 

oy aa Mae Pe Sea d= ee Aug. 7. .8 Trace Trace ss 

MD Bee EL ee ern te Oct.. 24 .8 None None - 
PACE LALOR eve ivy <chate Ak sheen tee ET aS) 
Painesville, hydrant-special.... Mar. 10 .35 58 Very slight | Vegetative 


1Turbidity is given in terms of silica standard. 


Py 


4 


See page 161. 


Nitrate 
on 
(NOs) 


Chloride 
Ton (Cl) 


WD > 
WN DO vw 


We ON He 


Gi te 


ee Ue 


aAkN CONN 


wm 
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SURFACE WATERS OF OHIO—Continued 


Carbonate or 
temporary 


hardness (CaCQs) 


Non-carbonate 
or permanent 


hardness (CaCQs) 


Total 
hardness 
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Toral 
solids 


192 
170 
239 
163 


140 
175 
189 
152 
129 
155 
139 
168 


150 
161 
176 
160 
162 


163 
175 
158 
165 


298 
215 
241 
182 
248 
23 


248 
223 
167 
181 
158 
195 


161 


166 


TABLE XIx 


INDUSTRIAL WATER SUPPLIES OF OHIO 


Descriptions and Chemical Analyses (parts per million) 


Locality of Sample Date Color Turbidity’ Sediment Odor 
collected xe 
LAKE ERIE!—Concluded. 
Port Clinton, Lake Erie at in- 
taker ane tine DUD deme 0) 923 Shght None 
oy is te June 18 15 78 - Fishy 
us in ty July 10 2S 92 iy Peculiar 
3 se 4 Avg iad: 2 23 Very slight Faint 
BAW CLAS Cree ets canine a shite J pes Mista ty Gee at np ee ail 364 
Poste Clinton, shy. drantaceaese: April 24 = .25 666 Considerable None 
si Ss! SSS MRT Dat June 18 .15 116 Slight Faint and fishy 
Ss - Gert ste dice July Ome 27) $2 a Peculiar 
foe cs ee Sn AI PAGES OTE ee Al Trace Trace Faint 
PACE AD Cr deh neh nba setter eaten CREA Oe, 288 
GREENVILLE CREEK. Samples collected in 1900. 
Greenville, above town....... April17 20 .08 Slight Faint vegetative 
od <§ eee ear May 22 28 .07 sd Vegetative 
ss < eM erner ee June 18.25 68 se = 
“ i eye Ate July. 10027 18 « «“ 
mS sf Pa aswel cece IN IO Te el W/ Considerable ss 
« cin) Ree Re, Sent. 8) 62d 14 Slight «“ 
« a Bathe tai cbc Octy “len 742 .30 Considerable BS 
“ ss SRC ek Nov, | > =.20 .08 Slight Earthy 
VET ALE Satie aria ke ccter hacen en eee 226 14 
Greenville, below town....... Ap rilol 2 18 Slight Sour 
ig ss Seo Sahel ane Maya 2a Ss 11 Vegetative 
of c Lipset send June 18 23 10 Considerable ee 
= H He oie July 10 23 .16 Slight Faint musty 
a Se EA Des 5) AE, Aue 7 ees 28 Considerable Vegetative 
s ss ano SNS BA Sept. 3 21 eli Slight Vegetative and 
faint musty 
9 be oo adh canes Oct a 48 38 Considerable Vegetative 
a Ss Re ch sear ic Nov. 1 .30 08 Slight Earthy 
MA VELAGE ayn oats cuban ae ae ARLE ene HoT. 18 
Dayton? above town......... April18  .26 .40 Considerable Earthy 
¥ rs COSI te None te May 23 .14 .08 Slight Faint vegetative 
7 t tea eas ive June 19.28 5 Considerable Faint sour 
- ss a AeA ey July 10; 5.25 .16 Very slight Vegetative 
oe i; pte ty Otte Aug. 8 .25 13 Slight ce 
ss i SSRIS SATIN ON 3 Sept. 4 .25 25 ‘e Sour 
a: a eA es nies oe Ocha ase sis) es Faint vegetative 
@ @ Mee uAansane Mae Nov. 2 .24 227, Re ss Oy 
HAC GAT Oise sc racer ate tt RIT eae LO pos . 20 


1Turbidity in terms of silica standard. 


*This series of samples was taken on the Stillwater River. The State Board of Health looked 
upon the two sets of samples from Greenville Creek and this one from the Stillwater River as repre- 
sentative of the Stillwater Basin. : 


Nitrate 
on Chloride 
(NOs) Ton (Cl) 
Rot 85.6 
0.6 12.9 
0.8 147.7 
Trace 12.4 
a Ly pa 
6.2 53.8 
0.4 18.1 
Trace 35.4 
= 10.5 
1.6 29.5 
15.0 0.2 
O48 Trace 
rR 0.6 
2.0 0.4 
None eds 
Trace’ 1.0 
25 None 
Trace 125 
4.9 0.8 
14.2 0.8 
10.6- 1.0 
2.4 2.0 
3.2 3.0 
0.7 520 
0.2 +9 
10.6— 1.0 
None 3.9 
as 2.6 
16.8 0.4 
3.6 Vad 
10.2 0 
4,3 0.1 
None 0.8 
256 0.3 
0.1 2S 
34.1 Vad 
8.9 0.9 
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SURFACE WATERS OF OHIO—Continued 


Carbonate or 


temporary 
hardness (CaCOs) 


wv 
~ 

ees pea 

ONAN BRDWH ADOKDOKOKDN 


Ro 

_ 

FALE SO reas 
OR RNKNONDO NODA 


tro 
_ 
oO 
\o 


Non-carbonate 
r permanent 


° 
hardness (CaCOs) 


Total 


hardness 


KH AROACHHN 


PAR ROD 


NOR AKRON © 


ON > 
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Total 
solids 


745 
220 
553 
154 
418 


608 
234 
263 
159 
316 


449 
380 
467 
369 
421 
413 
432 
472 
425 


474 
422 
535 
415 
483 
484 


521 
464 
475 


478 
348 
434 
361 
342 
376 
381 
317 
380 


168 


* Locality of Sample 


TABLE XIX 


INDUSTRIAL WATER SUPPLIES OF OHIO 


Descriptions and Chemical Analyses (parts per million) 


Date 
collected 


Color 


Turbidity 


Sediment 


Odor 


KILLBUCK CREEK. Samples collected in 1899. 


Wooster, above town......... May 4 
Mi es Im igh ee ate May 30 
“f Sl Nad eh June 28 
oe SO eet oy Aaa July 19 
ss “ Apes ANA ee Aug. 18 
# — MONS ee Sept. 19 
a as SMa eee Ocen 2 
4 a PAW 2. ease eters Nov. 16 
LMAO YET Aen alae a, HEAR Mee Ao) ke 
Wooster, below town......... May 4 
Zs i aa bet ee ae May 30 
oh ¢ HED dk) Rea tees June 28 
a ye: Re ee July 19 
y ns Nene Se Need Aug. 18 
4 ss ha ae eee) Sept. 19 
% od ere Re a > Oct. 12 
“ Rape claret Nov. 16 


KOKOSING RIVER. 


Mt. Vernon, above town...... May 3 
“0 os aS yin ene, May 29 
A] oe ss Sein eee June 27 
“se “ AS a eA July 18 
eS ee ae Pid Aug. 17 
- af s St seat Sept. 18 
e 2 “ Se athe. OcemalG 
a es ge i ee) Nov. 21 
LSVGIEV Rear nS eR RS cos of Be 
Mt. Vernon, below town...... May 3 
6 “ “ Ca ae May 29 
os 2 y WA anes eae June 27 
te ss Sd ante ene July .18 
" 2 4 Se det vats Aug. 17 
s Ms ee Vee Sept. 18 
sf cs - SaaS ae by ee Octal 
a sf a yi ee coe Novy. 21 
AVE AG Cee iess. 2 «dete a ee 


1Turbidity rod on bottom of stream with wire still visible. 


& 


.14 


Slight 


Considerable 
Slight 
Considerable 


Slight 


Slight 


Considerable 


“ 


Slight 
Considerable 


“ 


Slight 


Samples collected in 1899. 


04 
val 
08! 
sey) 
05? 
05% 
05! 
205% 
ul 


06! 
ae) 
sil) 
WS 
0%? 
L07t 
07} 
06" 
aL5 


Slight 
Considerable 
Very slight 
Slight 
Very slight 
Trace 
Slight 
Considerable 
Very slight 
Considerable 
Very slight 
“cc “ 
“c “ce 
Trace 


Faint earthy 
None 
Earthy 


Faint musty 
cc “ 


“ce “c 


Musty 
Earthy 


Faint musty 
Earthy 
Musty 


“ 


Heihes 


None 
Earthy 
None 

Faint musty 


None 


“ce 


Faint musty 
None 


None 

Faint musty 
“ec “ 

Musty 

Faint musty 
“cc “cc 

None 
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SURFACE WATERS OF OHIO—Continued 


Nitrate Carbonate or Non-carbonate 


0.2 1.9 112.4 3,5 "115.9 214 
0.7 1.6 116.4 19,8 136.2 194 
Trace 6.4 oy SON) Lees 148.2 331 
0.2 10.2 124.2 6.8 131.0 377 
0.1 5.5 125.2 49,2 174.4 336 
0.2 4.6 127.4 6.2 133.6 413 
0.2 4.4 148. 12.6 160.6 352 
0.1 8.3 139.2 88.8 228.0 471 
0.2 5.4 130.1 23.4 153.5 336 
0.3 3.9 121.4 7.4 128.8 258 
1.6 4.2 93.9 9.3 103.2 439 
0.5 7.3 EYES pagel Dorie 146.4 327 
0.3 8.9 127.6 5.6 $352 338 
0.0 7.6 130.8 47.8 178 .6 323 
0.1 4.8 130.2 38.4 168.6 419 
0.1 7.8 155.8 34.6 190.4 343 
0.2 7.5 138.0 83.0 221.0 423 
0.4 6.5 130.5 28.3 158.8 359 
0.1 0.6 174.0 rh 185.1 295 
0.4 0.8 Mista yt gt 175.1 310 
0.1 1.4 feces. a. Ae 194.5 266 
0.1 0.8 148.8 27.4 176.2 264 
a 3.5 206. 6 9.6 216.2 247 
0.3 0.6 209.2 11.6 220.8 288 
0.2 0.7 220.4 23.8 244.2 309 
0.8 0.9 207.8 27.8 235.6 278 
0.2 2 192.0 13.9 205.9 282 
0.1 3.9 173.2 69.1 242.3 273 
0.4 1.4 oS oe eee 168.7 393 
0.5 3.7 OE ee ae ) 189.2 287 
0.1 a2 152.6 47.8 200.4 272 
0.1 4.5 206.2 13.0 219.2 315 
0.3 3.7 211.8 35.8 247 .6 302 
0.2 2.9 220.0 73.4 295.4 305 
0.9 Gas 203.6 27.4 231.0 280 
0.4 4 190.7 — 33.3 224.0 303 
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Locality of Sample 


Newark, above t 
“ ““ 


INDUSTRIAL WATER SUPPLIES OF OHIO 


TABLE XIX 


Descriptions and Chemical Analyses (parts per million) 


Date 
collected 


Color 


Turbidity 


Sediment 


“ 


own 


Newark, below town 


“ 


“ce 


“ 


LICKING RIVER. 


alte ce opiates. 


Here ew oe 


WAVE AEC ors storherruni need tite e ies SE eee 


Zanesville, 
“ 


Zanesville, 
(13 


Urbana, above town 


“ce 6“ 


above town....... 


“ 


Ice 


oe 


(73 


“ 


ey 


weer ere ee 


MAD RIVER. 


April 19 
May 24 


eee eeeree 


—_ 


04! 


Samples collected in 1899, 


Very slight 
Considerable 
Considerable 
Very slight 


Trace 
“ 


“c 


Very slight 


“ (<3 


Considerable 


“a 


Very slight 


Trace 
“ 


Very slight 


Slight 
Considerable 


Slight 
“ 


Considerable 
Very slight 


Slight 


(<3 
Considerable 
“ 


Slight 


“cc 


Considerable 
Very slight 


Samples collected in 1900. 


ao2 
A) 
AVAL 
18 


2s 


*Turbidity rod on bottom of stream with wire still visible. 


Considerable 
Slight 
Considerable 
Slight 


~ Odor 


None 
“ec 


Earthy 
Vegetative 


None 
“ce 


“ 


“ec 


None 
Musty 
Earthy 
Sour musty 
Musty 
None 

“ 


“ 


Faint earthy 
Earthy 

“ 
Vegetative 
None 

“c 


“cc 


None 
Faint earthy 
Earthy 
“cr 
Vegetative 
None 
“ 


“ 


Earthy 
Faint earthy 


Faint vegetative 
6c “a 
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SURFACE WATERS OF OHIO—Continued 


Nitrate Carbonate or Non-carbonate 
on Chloride temporary or permanen Total Total 
(NOs) lon (Cl) hardness (CaCQs) hardness (Cas) hardness solids 
0.1 1.4 teas 43.8 209.3 300 
0.3 KS 184.6 None 184.6 288 
0.3 0.8 155.0 17.8 172.8 367 
0.2 2 145.8 None 145.8 392 
None 0.9 159.0 BD;,.2. 214.2 289 
0.3 2.8 212.2 6.0 218.2 Lid 
None 2.8 213.0 27..2 240.2 279 
0.1 ia 201.0 20.2 PANE 278 
6.2 1.6 184.0 213 205.3 309 
0.1 2.8 139.4 21.6 161.0 316 
0.4 1.6 179.3 None 179.3 285 
0.7 1.0 86.2 12.6 98.8 306 
0:3 325 143.6 None 143.6 416 
0.3 4.7 230.0 18.8 248.8 335 
0.4 4.2 224.0 None 224.0 331 
0.2 354 229.4 28.8 258.2 Sya} 
0.2 2.4 219.0 25.4 244.4 308 
0.3 3.0 181.4 13.4 194.8 329 
0.3 a, 17957 JORG 19953 293, 
0.2 2.0 84.4 32.8 PL 72 1606 
0.2 1.6 108.2 19.6 127.8 416 
0.0 =4.9 192.6 6.4 199.0 319 
0.4 4.1 199.6 Tet) 201.4 299 
Trace 7 193.6 Soe 228.8 339 
0.4 Ae 199.0 34.2 D332 295 
0.2 Pe 165.3 21.4 186.7 510 
0.5 ae 8. 135.9 2.4 138.3 279 
0.2 Bol i Are 12.6 183.7 286 
0.3 ops 65.6 49.0 114.6 1083 
0.3 1.4 88.6 8.2 96.8 434 
0.3 Bad 217.6 8.8 226.4 308 
0.3 4.1 196.6 32,8. 229.4 311 
None 3.0 208 .2 20.0 PN Ses 358 
O55 3.4 192.6 19.8 212.4 296 
0.3 3.4 159.5 102 178.7 419 


8.4 Trace 229.0 60.6 289.6 497 
3.6 0.5 265.4 3.0 268.4 347 
3.7 Trace 271.8 26.8 298.6 434 
228 0.2 266.2 11.4 277.6 410 


2 INDUSTRIAL WATER SUPPLIES OF OHIO 


TABLE: Six’ 


Descriptions and Chemical Analyses (parts per million) 


Locality of Sample Date 


Color Turbidity Sediment Odor 
collected 
MAD RIVER—Concluded. 
Urbana, above town.!........ Ta\fyeas RD 24 Shght Vegetative 
“ “ SR Aas 1b 5 Secs Sept. 5 a8 38 Considerable Earthy, vegetative 
« aes ee ee Ort, 53s 18s Ar Slight Vegetative 
“ “ SL ee ee Nios 2 970) .08 Very slight None 
IAN CDAG- Cols? latcies a moran! Gig oes erate eR TCS Al ys 
Urbana, below town.......... April toe 235 5 Considerable Strong 
e v art) ee May 24 .58 .19 “ Strawboard 
cc “ Carey aie et Ee June 20 . 60 4o5 = “ 
«“ «“« 9 LEG NS tai: July 9S) 322 30 s: Vegetative 
“ “ SR Pe he PNT OE ea) 9) . 20 e Foul 
ee “ 2? La tae Sgn 8 ~ 655 .42 ss Strawboard 
“ “ Se Ce Men Oct. 3 55) oil ms 4 
ce “ SA ORR ee Nov. 3 . 40 325 Much S 
Average TES A ORS, CORRES Or RT O50 0 nad) 28 
Springfield, above town....... Aprill6 —_.20 .07 Slight Earthy 
“« & Ph a RI Maya245 327, m2. Considerable Vegetative 
cc “ OS eee June 20 5) +20 fe Earthy 
“ “ DAs ale a ee JiulyeetOn 22 .30 Slight Sweet, vegetative 
re “ Cea ians ene Auew9 es e35 19 Considerable Vegetative 
“ “ Cn aah et tae Sept. 5 aks .36 3 Sd 
bs z Ae Ohya re Oeee3- 4399 my % Bi 
“ ““ SST eee pene Hoe Nov. 3 38 aS - a 
AVetape. 02 Sas Sebo cee wat ae 2h Zh 
Springfield, below town....... Aprll6  .20 .07 Slight Faint musty 
“ “ ae RS Eae May 24 .27 ats Considerable | Musty 
ve « oe Jae oe Juner200 9 225 24 ee Faint musty 
«“ “ COM oracle July 10 .20 24 — By “ 
&“ “ CO cia ts mints .28 me ( os Musty 
“ “ 1 REN 29 Septs sos) sail n32 Shght Vegetative 
“ “ Site eetee te Ocul. ON Considerable Faint musty 
“ “ EGR SE Nova iar ase 5 HS: a rh 
PA VEL AGEs ctistnie cot etd ate! ale lapse ae aoeaee me 24 st) 
Dayton, above town......... Aprll8  .20 .28 Considerable Earthy 
iz: “ 5 2 A a May 23 AW ales Slight 
«“ ‘6 Cae eA: June 19 22 ei Considerable Faint earthy 
«“ “ oar, AAMT July 10 .20 14 Very slight Faint sour 
Ke “ eee 3 a Alig. Se en20 2S Slight Earthy 
“ Us Se Dene ttess erciees Sept. 4 ,23 A265 Considerable Vegetative 
&“ % aah corte ee Oct se28 .19 Slight Earthy 
“ ge se ce ea ae Noy. 2 19 .16 x os 
TAWViCraG Gace 22 soe Bhyaue ct eek) eee .20 . 20 
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SURFACE WATERS OF OHIO—Continued 


Nitrate Carbonate or Non-carbonate 
on Chloride temporary or permanent Total Total 
(NOs) Ton (Cl) hardness (CaCOs) hardness (CaCQs) hardness solids 
4.4 0.2 250.4 None 250.4 396 
cy Trace 230.4 ZirQ 251.4 438 
5.8 1.0 260.2 1.6 261.8 462 
Trace Trace 251.4 1.4 252.8 390 
4.0 Ose 25954 14.5 267.6 422 
12.4 0.4 225.0 43.4 268.4 466 
Trace On7 285.2 24.0 AOehs 2? 396 
None 0.2 305.6 B62 341.8 485 
2:7 0.6 282.8 17.0 2998 399 
Trace 6.4 284.6 11.6 296.2 463 
0.7 0.3 266.6 None 266.6 481 
0:3 0.6 283.8 None 283.8 493 
O25 0.5 295.8 None 295.8 462 
ap i. 278.7 16.5 295.2 456 
4.9 0.5 261.0 11.8 272.8 412 
0.4 0.2 276.2 5.6 281.8 426 
210 ON. 278.6 40.4 S190 423 
4.4 Oe 268 .2 None 268.2 462 
None 0.4 288.2 None 288.2 430 
4.9 0.8 248 .4 39): 287.4 430 
0.4 0.2 274.8 None 274.8 ~ 456 
0.7 0.5 281.4 None 281.4 410 
Fam 0.5 e721 12a 284.2 431 
6.6 Lov 256.2 DEED, 278.4 427 
12 2.4 274.8 252 300.0 404 
S56 3.6 279.6 372, 282.8 484 
3.8 3.5 267.2 13.8 281.0 459 
) ae’) 4.5 DIBA None 27354 405 
eee 4.5 260.0 9.4 269.4 427 
Or2 Sed Li 22 None DN iia? 473 
O-2 3:3 281.4 None 281.4 401 
rey: 53 270.6 9.2 Pers 435 
9.3 125 241.6 12.8 254.4 i) 
is 3.0 259.8 Speeg 292.0 368 
Vez, Bee 266.0 37.0 303.0 460 
go 7, 4.0 259.2 None 25902 408 
3.0 225 243.2 None 243.2 425 
4.0 2.6 257.8 None Pex fess 451 
3.4 eee Pt 22 None 250.2 406 
19.5 Dei! IG 0 2258 263.98 385 
5.8 oes 254.8 14.0 268.8 417 
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‘TABLE XIX 


INDUSTRIAL WATER SUPPLIES OF OHIO 


Descriptions and Chemical Analyses (parts per million) 


Date 


Locality of Sample 
collected 


Color 


MAHONING RIVER. 


Alliance, above Pat. St. Br.... June 19 
“ 6 “ .. July 24 
ss ‘3 DED tye, 
6 6 “ Sept. 29 
66 “ce (3 Oct. 27 
“ce “ce 66 Nov. 26 

IA Grad © mers ere sebeteic a, car ece evel vayrate fake cyonayfoes 

Alliance, below Pat. St. Br.... June 19 
“ “6 “ July 24 
7; “ «“ Sept. 2 
“ “ ‘“ Sept. 29 
“ce (73 (73 Oct. By 
(73 ce (<3 Nov. 26 

VAN EV AR Ch teucce oo ruaitar Tare ie iets careush cate 

Warren, above town.......... June 18 
es f Ee aa July 23 
: a TE eee URC ea Fa Aug. 28 
ce « SRE sess ek te Sept. 30 
: f ia ae erence Oct. 28 
s sf De ce en eR Noy. 27 

EY CLAD Cle firs oie ie eaduathe 0.aedecedss oat, craneeierars 

Warren, below town.......... June 18 
ES Bs Seilou eer a cea July 23 
* ce See beh Acie aye Aug. 28 
* se ST Re oe eas wept, 30 
ef is SSIS ree iaire sone Oct. 28 
oH ss Seats Momar oer Nov. 27 

IAW CTARE th oxi Cea veces 8 han ieee ae eee nas 

NWS Pens mre ars teckel a isot a cas July 24 

MMO ce cose toeitacartmiaeslaiaret Aug. 28 

SSE Es oxatcisiacs isieleeeeeva eolane.s Sept. 30 
SiMe 2" voir, dette ia fare eealfnqeslee tee Oct. 28 
SoM R PPA Soc 3ids seo Pacarve tana ieeie ae Nov. 27 

PAV ETia COM aia escheve sink ai eves utero tere 

Girard, above town........... June 18 

Youngstown, above town..... June 18 

fe 2 Eo) ees July 23 
< ie Spires Aug. 28 
f s Ls dette Sept. 30 
sf se aA Gietcir Oct. 28 
s a i Sn Nov. 27 


Mm PP PO W CO 


SIO RF WD 
Wn 


Turbidity 


None 
Slight 
Distinct 
None 

Very slight 
Turbid 


None 
Slight 
6c 
None 

ce 


Very marked 


None 

Very marked 
Very slight 
Trace 

Slight 

Very marked 


None 
Very marked 
Slight 
None 
Slight 
Very marked 


Marked 
Very slight 
“ “ce 

Slight 
Marked 


None 


None 
Very turbid 
Trace 


None 


“cc 


Turbid 


Sediment 


Samples collected in 1897. 


Marked 
« 


“ce 


Slight 
Distinct 


Marked 


Distinct 


Distinct 


Marked 
Very marked 
Slight 

“ce 


“ 


Distinct 


Distinct 
Very marked 
Distinct 
Slight 

“c 


Marked 


Marked 
Very slight 
Slight 

“ 


Marked 


Distinct 


Slight 
Heavy 
Marked 
Slight 
Distinct 
Marked 


Odor 


Slight earthy 

Faint oH 

Slight musty 
«earthy 
“cc ce 


None 


Slight earthy 
Earthy 

Slight musty 
Sour musty 
Slight offensive 
Faint musty 


Faint musty 
“ce (<3 


Slight earthy 


“cc “cc 


Earthy 
None 


Faint musty 


“ae “ce 
“ 6c 
Musty 


Slight offensive 
Faint musty 


Sour earthy 

None 

Slight musty 
 erearthy, 

Musty 


Slight musty 


Musty 
Slight musty 
6c (73 

Musty 


Slight musty 
Faint sweetish 
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SURFACE WATERS OF OHIO—Continued 


Nitrate Carbonate or Non-carbonate 


Ion Chloride temporary or permanent Total Total 
(NOs) Ton (Cl) hardness (CaCOs) hardness (CaCOs) hardness solids 
1.0 | 110. 36 146 240 
1.2 Q:2 70. 38 108. 175 
0.3 2 136. 54 190. 400 
0.0 3.0 182. 58 240 415 
Trace 3.2 204. 54 258. 410 
28.8 25 78. 64 142. 470 
0.9 mee 130. 51 181 350 
0.3 3.0 128 56 184. 300 
15 0.2 56 34 90. 165 
0.5 4.8 138 68 206 410 
Trace 9.0 170 68 238 415 
0.1 15.5 216 98 314 480 
2.4 4.5 102 98 200 380 
0.8 12 135 70 205 358 
0.4 2.0 92 16 108. 190 
1.0 0.3 36 27 58. 130 
Trace $25 100 28 128 245 
0.0 4.2 124 ye 156 275 
0.0 ae%. 140 14 154. 235 
3.8 3.3 54 46 100. 205 
79 2.8 91 26 117 213 
0.2 4.0 102 24 126. 200 
| 0.3 34 18 Bs 135 
0.0 4.5 100 26 126 255) 
None 4.5 124 ie 136. 245 
0.3 6.2 140 3 143. 250 
39 3.3 54 42 96. 233 
0.9 3.8 92 21 113. 220 
P32 ei 40 36 76. 170 
Oe3 4.5 90 26 116 235 
None G27, 126 18 144 275 
0.5 42.5 138 30 168. 335 
Cts 5.0 56 56 112. 270 
Taz 12.6 90 33 123 257 
0.2 SE 76 32 108. 200 
Oe2 ee 90 28 118. 245 
0.8 0.3 22 20 42. 145 
0.3 4.0 56 24 80. 200 
Trace d3ie5 88 86 174. 370 
0.2 15.2 106 66 172 380 
2.0 5.0 64 54 118. 255 
0.5 Te. 7/33 46 D7 266 
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TABLE XIX 


INDUSTRIAL WATER. SUPPLIES OF OHIO 


Descriptions and Chemical Analyses (parts per million) 


Date 


Locality of Sample 
collected 


Color 


Turbidity 


Sediment ~ 


MAHONING RIVER—Concluded. 


laseltonabrid @emmi tliat June 18 
e ie Als an Ris eee wilh 
os ee Aug. 28 
ce CU Tie ey ees i Sept. 30 
¢ Ae tpn seta ers ae Oct: 28 
ne HN A a tana eget Nov. 27 
PACT ADE Metareters eo ore cee ehirneapetenaie ohio olexel ooze 


None 

Very turbid 
Trace 

None 

Slight 
Turbid 


MAHONING RIVER, SPECIAL ANALYSES. 


Warren, filtered water........ juneyl Si. 35 
ef e a d Sk Oe vibe 23 el 
fe 5 Mo) = a eee Aug. 28 wh 
of ss SLRINAT Gece Octs 29) Wes 
# ss OF ets is oe ee Noya2z7e, 210 

ENS CTAO Ceri tos eee Ce ate oN ee there sag 

Alliance, Sewage.../......... June19"  .3 
ce SCAM BSE, TRIE Ee Ne Se july. 24) 23 
G a a. ena ae ee Septaece a a2 
ee SS Ber ae bane ee Oct 72 3 
i Sel ets uid eae aes Octs298) =25 

PAW CLAP Camere ean tats, sat pets Sicce ores Ie tie 

Alliance, Eifluent...2....0..- June 19.25 
on oe acim nv Ape aan July 24542 
gf EP ae ho Feet a Septsszs uz 
re oes eat) Serre Oyen, 2 25 
bo ap aPine ise ent cents es (Oyen, 29) 25 

PASETIAG Cini ce cas) ete ems rane om eed aie 

MAUMEE RIVER 

Ft. Wayne, below town...... july 22 eee 

ey ie pees ae Ang tse 3 

cs ss a Seno ot Sane Septal iam ae 

¥ se o Sed eee a Octa25 6 

aS & 4g SEN cake tecs Nov. 16 =. 38 

Pre race Ahsan <a ists. ssvautemen tent ation nicseraee 333 

Defiance, above town......... Whyalla 
cS hia’) int Sik oe Aug. 24 .25 
SS ff PSUS cues ers Sept2/ wnat: 
of sf SQLS 5 2s 5, ae Ocoee A2 
es Sts Ee Bae ae NoverlS 235 

PAV ELAR Ct arsisheis, davies, sho uc svencut e-Aoe MARR M3 


Slight 
None 
Slight 


* Distinct 


Trace 


Chehts 
None 
Very slight 


Slight 
Very slight 


Slight 
“ce 


Distinct 
Decided 


Very slight 
“ ““ 
Slight 
Very slight 
Decided 


Slight 

Heavy 
Marked 
Slight 
Distinct 
Very marked 


Slight 
None 
ce 


ce 


Very marked 
Marked 


Slight 
Marked 


Slight 
“ce 


Samples collected in 1898. 


Slight 


“ 


Considerable 
Slight 
Considerable 


Very slight 


“ “ce 
Slight 

“ce 
Considerable 


Odor | 


Sour musty 
Slight earthy 

“  sweetish 
Sour musty 
Offensive 
Musty 


Samples collected in 1897. 


Faint musty 
“cc “ 
Slight earthy 
Earthy » 

None 


Offensive 
“ce 


Oily and slight ~ 
offensive 


Slight offensive 
Oily 


Earthy | 

Faint musty 

Slight greasy and 
musty 

Faint musty 

Musty 


Foul 


Sewage 
“ce 


Faint sour 
Peculiar earthy 


None 
“ce 


“ce 


Faint woody 
Earthy 
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SURFACE WATERS OF OHIO—Continued 


Nitrate Sicka Carbonate or Non-carbonate 
on oride temporary or permanent Toral Toral 
(NOs) Ton (Cl) hardness (CaCQs) hardness (CaCQs) hardness solids 


0.4 7.0 96. zt. 124, 225 
1.4 0.5 26. 38. 64, 200 
1.2 6.5 64. , 92, 215 
0.8 18.0 114 70. 184 390 
4/2 25.2 130. ce 208. 405 
25 5.7 S2. 58. 110. 283 
124 10.5 80. 50. 130. 286 
0.3 2.0 94, 24. 118: 175 
1.3 0.7 10. 42. 52. 105 

Trace 3.0 100. 28. 128. 245 
0.0 4.0 142 26. 168 245 
4.1 2.4 22. 58. 80. 155 
1.2 2.4 74, 36. 110. 185 

None 30.0 RN GS el Se a ee ae eo TY TC 490 
2.0 25.5 158. 128. 286. 475 
2 16.5 178. 94, 277. 490 

None 18.5 200. 94. 294. 525 
0.4 15.0 186. 100 286. 490 
1.0 21.1 187. 104. 291. 494 

None 21.0 146. 120. 266. 395 
1.6 32.5 134. 140. 274. 490 
2.4 22.3 178. oT, 288. 480 

None 19.0 150. 84. 234. 440 
«“ 17.0 142. 102. 244, 420 
0.8 233 150. 111. 261. 445 
1.4 139.0 229.0 101.2 330.2 507 . 
0.7 45,2 191.8 41.8 233.6 475 
1.6 20.9 219.0 38.8 257.8 421 
1.9 31.8 170.2 55.0 225.2 470 

38.9 15.5 123.2 22.4 145.6 373 
8.9 50.5 186.6 51.8 238.4 449 
Lo xg eee 157.2 69.0 226.2 415 
0.8 - 14.9 144.6 4.2 148.8 364 
0.8 ATs7 174.3 2.4 186.4 441 
1.6 954 150.6 45.0 195.6 498 

Bo od occa AGG 143:3 41.0 154.3 393 

10.6 19.2 148.0 34.3 182.3 422 
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TABLE XIX 


INDUSTRIAL WATER SUPPLIES OF OHIO 


Descriptions and Chemical Analyses (parts per million) 


Locality of Sample 


Date 
collected 


Color 


Turbidity 


Sediment 


Odor 


MAUMEE RIVER—Concluded. 


Defiance, below town......... July 22 
sf s SO Maree cae « Aug. 24 

a al Bear ace See Sept. 27 

os ‘ Le eM es Oct. 25 

* a SOP ee eens Noy. 15 
PAW CLAD Catt rraireere niece nit icine tae mimeo 
Napoleon, above town........ July 23 
te “ Sy orate Aug. 25 

es ss OR ROTA Sept. 28 

se os Soils ahora Oct. 26 

s a SP Ce Nov. 15 
LSE O de Oi See TRE BME ea SRS eee 
Napoleon, below town........ July 23 
2 ss tS Dt crgel Gane Aug. 25 

2 a est teeters Sy Sept. 28 

Ke Ss SS Sse es Oct. 26 

oe cs Coss era Noy. 15 

HA ieLaly Gi atic oe cic eras So ioe axe oheRl bie eee 
Toledo, above town.......... July 23 
ss “¢ he Aner a ear Aug. 25 

ss ef BOF Oo HO gHOR, ty Sept. 27 

te “ Hoe onside Gane est, Oct. 26 

i: f So Ne otra Seats Nov. 14 
INV LALOR ya c.chcnt Oats hale eight ofa cee eee 
Toledo, Cherry St. Bridge July 23 
“ 6c (73 Aug. 25 

“ éc “ce Sept Dif 

<s < <f Oct. 26 

“ “ce “a Nov 14 
PAV CEA G Crea Shetsiticcele eee a teveen tice enemies 
Toledo, Riverside Park....... July 23 
“ “< aS en Aug. 25 

ee as SE Be ssiak Sept. 27 

&. “¢ SF a eden Oct. 26 

of See nate Nov. 14 

& 


eae 


30 
sD 
4 
mz 
50) 


Distinct 
Slight 
“ 


“ 


Decided 


Distinct 
Slight 
“ 


Distinct 
Decided 


Distinct 
Slight 

Distinct 
Decided 


Distinct 
Very slight 
“ “e 
Distinct 
Decided 


Distinct 
Very slight 
“ “cr 
Distinct 
Decided 


Distinct 
Very slight 
“cc “cc 
Distinct 
Decided 


Slight 


“ 
“ce 


“ 


Considerable 


Very. slight 


Considerable 


Slight 
Very slight 
Slight 

“c 


Considerable 


Slight 
Very slight 
Slight 


“ 


Considerable 


Slight 
“ce 
“ 


“cc 


Considerable 


Slight 
“cc 


“ 
“ 


Considerable 


Faint offensive) 
Slight musty 
Musty 
Earthy 

“ 


Slight sour 
None 
Faint musty 


“ “ 


Earthy 


None 
“ 


“cc 


Faint musty 


Earthy 


Offensive 
Musty 
Faint sour 
Musty 
Earthy 


Offensive 

Musty 

Faint sour 

Musty 

Earthy, faint oily 
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SURFACE WATERS OF OHIO—Continued 


3 Sama eauaiar Cathenaes or Non-carbonate ate 
1.8 42.1 160.4 75.8 200.2 620 
a WAY 150.2 12.6 162.8 431 
0.9 30.3 173.8 None 173.8 381 
4.9 ise 159.6 40.4 200.0 568 
42.9 26.7 140.7 38.8 LQE5 410 
10.2 46.5 156.9 BED 190.4 482 
2.0 2975 146.8 20.0 166.8 390 
1.4 64.3 13ye2 3152 168.4 439 
1.0 104.6 144.6 1252 156.8 486 
1,2 36.3 156.4 41.0 197.4 399 
45.6 8.1 118.2 24.2 142.4 395 
10.2 48.5 140.6 257. 166.3 422 
1.9 32. 152.6 47 .3 199°9 436 
1.6 66.0 139.8 14.8 154.6 480 
0 Hy Si;i 153.8 3260 185.8 573 
1 37.2 168.2 43.6 ZS 474 
44.3 422 112.8 26.6 139.4 421 
10.2 45.8 145.4 3279 178.3 477 
1m 8 22,2 156.6 40.2 196.8 365 
‘2 50.2 150.2 5.0 155.2 434 
0.6 60.2 154.9 20.4 53 Bikes 
OTF. 34,4 142.4 a1 50 173.4 462 
36.7 Zi 3% 122.4 13.6 136.0 439 
8.0 39.0 145.3 ZA 167.3 443 
1.6 29.4 164.2 65.8 230.0 Sys 
1.5 44.5 143.6 One 152.8 481 
0.6 63.6 161.5 19725 181.0 491 
tS 63.8 141.6 32.8 174.4 456 
S59 See 130.2 28.0 158.2 432 
8.4 46.7 148.2 ch eg | 179.3 446 
1.6 26.6 157.0 46.1 203.1 338 
1) 40.6 148.4 18.0 166.4 502 
0.6 63.3 158.8 2308 182.4 449 
Miz 64.3 140.0 30.6 1/OSGa wy, 524 
38.1 28.1 128.4 32.0 160.4 473 
8.4 44.6 146.5 3071 176.6 457 
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TABLE. XIX 


Descriptions and Chemical Analyses (parts per million) 


Locality of Sample Date 
collected 


Color 


Turbidity 


Sediment 


MIAMI RIVER. Samples collected in 1900. 


Sidney, abovetown.......... April 17 
< 2: cee te Ee ces May 22 

t sf pg Se ET June 18 

ss oh UM cae Ae ely Ipive 2 

f SF PO aim sen areeaeras Aug. 7 

ef se i bream tient Sept. 3 

i » SA hey era eee 3 Octane: 

< oe Bo Ae EA, Nov. 1 
PAVEHAQC 1s cista ota is cl eae ease iaisrel OO chien 
Sidney, below town.......... April 17 
s aS Ss ah eae, ae May 22 

ss Sone Ad arin em June 18 

st Sones the cas July 9 

of om See PA rots Aug. 7 

4 Un nce Se. Mer Sept. 3 

4 : Re ate, ital Oct! 

Ss oe oe tt et HE Nov. 1 
SVEN ADEA te cde naRnerne Otte See ee 
Piqua, above town -.7 ease or April 18 
4 2 OSS kate Wer ofen May 22 

ss M i eatesaifiyc ah ae ¢ June 18 

os oy OE ee ches July 11 
ns fs SENT ee Moke rece, Aug. 7 

oy ¢ SSG: ee nae te Sept. 3 

“ “ Lng CER See cee (Oke, 1! 

“s f St Ring Syaee siaknds Nov. 1 
PAN CLAD Oly sca ctane vale ae Oe 
Piqua, below town)... se sae April 18 
st ve RE yaa May 22 

vy ss Sea ene cect tai Ns June 18 

sf 2 EES BS eta ene July 11 
2 Soitisleuicurhele? Aug. 7 
sf sf yee Sea eas Sept. 3 

ry e ORS yee Oct el 
% +f APRS OTs Nov. 1 
PV CLARE. Mion etl hina clea boar iets Aire 
Troy;"above town............ April 17 
S “ Be recat at, May 23 
ef ss cute tas June 19 
e ss so eee tame July«ll 


Slight 


Much 
Considerable 


Considerable 


Slight 


Much 
Slight 
Considerable 


Slight 
“ 
“ 


Considerable 
Slight 
Slight 

“ 


“cc 


6c 


Odor 


Vegetative 
“ce 


Faint vegetative 
Vegetative 


Vegetative 
“cc 


Earthy 
Vegetative 
Earthy 
Vegetative 
Faint musty 
Vegetative 


Earthy 
Faint musty 
“ “ce and 
earthy 

Sour 

Musty 

Vegetative and 
faint musty 

Musty 


Faint musty 


Faint sour 


Faint musty 
“ “cc 


Musty 


cooooorore 
et a et oa a 


wr wh © 
w U1 OR NON A 


cae) 
p ww OF 
os . a 
Oo 


ern oorror 
ww AA QA & © O 


[oe a eM we dK 
wn ON O oO ~~ OM 
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SURFACE WATERS OF OHIO—Continued 


Carbonate or 
temporary 
hardness (CaCOs) 


194. 
230. 
237. 
ye alee 
212. 
220. 
224° 
222. 
219%. 


205. 
226. 
252), 
23% 
2a98 
B23. 
199. 
252% 


223 


118. 
225. 
239% 
219, 
205. 


206 


170. 
220. 
200. 


137 
228. 
241. 


226. 
223; 
216. 


178. 
220. 
208. 


187. 
228. 
Zone 
ppaph 


hardness (CaCQOs) 


DW wu 


unr 


wog Ar anwn 


DOORN NONN 
wk? CORCOD 


rw do 
a OO Feit. ON ONS O 


OCDOAMNYN AMO 
bo We © > 8D. On, Cv 001100 


AN vn FYN OOD 
CODON RODD 
U1 tO Out ON SO) os 


ow > 
on On0 
oO 


oo 


mW oO © ‘Oo Sf WY 
ROOK CON 


181 


Total 
solids 


408 
381 
414 
457 
350 
406 
393 
422 
404 


430 
345 
402 
360 
352 
374 
364 
409 
379 


1123 


367 
463 
426 
370 
355 
353 
414 
484 


853 
364 
493 


499 
384 
387 


371 
394 
468 


407 
352 
423 
465 


182 INDUSTRIAL WATER SUPPLIES OF OHIO 
TABLE XIX 


Descriptions and Chemical Analyses (parts per million) 


Locality of Sample Date Color Turbidity Sediment 
collected 


MIAMI RIVER—Continued. 


WMiroystabove tow sacee oe Aug, 8 34 .10 Slight 
ss sf Se a eee cake Sept. 4 .28 mS ee 
Ss & UES eS Drain Oe Octe2 27 m5 sé 
f ss Sanayaueeerce rey. Nov. 2 25 PDI a 
PAV ELAS Cress Stavcl.«-eiclarmetaraueranoc aa choeatoat 26 14 
croy,ubelow, towns.cceces ane: April17  .18 .14 Slight 
ss ss SEs POA Net oy Ar May 23° .16 08 es 
ss a AE em SR June 19 27 06 « 
ce s AE oy el Ree vd July 11 28 12 Ms 
sf ss SOF Nake Peg nates 0s Nes, 3 WN) 06 ef 
“ cs Ay Tah rae icod oe ee a Sept. 4 .29 11 “ 
sf os BAS 2 er eer Octamed e325 . 08 Very slight 
< 4) SOT See ate INGE 2 WS mls Slight 
PAOLA GCM oir ccs ais hia SIA ORY fess, ORE CES 24 10 - 
Dayton, above town......... April 18 = 25 224 Considerable 
ad es Voy caries Maya230 922 .19 Slight 
se sf SY eae hon A June 19} 30 moO Considerable 
s a Wieden nes a am ‘julyael OR 25 19 Slight 
ay us Se ee eA IN, 9 SG 20) ae 
3 sé Pays Syaeel eae Septactae. 10 533 Considerable 
Sf iy Leh ected AE Oceuu ppl! . 26 se 
ss ce pear Rivage wae Nowa. 200 eal9 .29 Slight 
WAY CLAP CR cho ho avs ee inelaene ie Leen 25 25 
Dayton, below town......... April18  .28 .60 Considerable 
é¢ es TR tee May 23 .26 pls Gs 
sé =f oe ude ere te are June 19.23 11 ce 
“s cs CO a Woke Oy 2S 15 Slight 
sf s SS Aarotava yNie cers jyrg, TS ae 16 “ 
ts Md Se Secor cree Sept. 4 26 .20 cs 
Ke ef Fg a Octane DS 16 6 
ss sé SE ae etabane ape Nova 92m 22 18 ce 
PA VEL AB ena aise. Sere aR cio cher aa me eae 325) BA 
Middletown, above town...... April26 .22 .09 Considerable 
*§ ad SO see May-28 31 .14 Slight 
re 6 Lg nahn ees. June’28" 735) 1290 Much 
hs ss SAC So es July 19 726 ROY, Considerable 
st Ai aa La eR re DNnga PD, ONE 67 “ 
“ cs Us AES a: Sept. 19 .18 alls Very slight 
se ee 12) eee he Oct. 13 38 335 Considerable 
“ S Se aateoteorens INOVane/eenee 3 mi Slight 


Odor 


Faint musty 


“ <3 
“c “ 
“ “ 


Faint sour 

Faint musty 

Musty 

Faint musty 
<3 “ 


“ iis 
cis ce 


“ “ 


Earthy 
Faint musty 
Vegetative 


Vegetative, earthy 


Earthy 
Vegetative 
Faint musty 
Earthy 


Faint musty 
“ce “ 


Musty, oily 
Musty 
Faint musty 


Strong vegetative 


Vegetative 
(T7 


Faint musty 


Earthy, vegetative 


Vegetative 
(T9 


“ 


& 


Nitrate 
on 
(NOs) 


we 
CoWmWO We Ne FO 


OoNOUwKWAWO 


Chloride 
Ton (Cl) 


wm Ww rw KY HY 
em Be wD UI 


WwW WNW WW Ue 
Nee COON DO 


Le Aw yes ae at Ta vies a ee oe 


wm OO OO Fk UNO CO 


BO ROAN ROM 
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CHEMICAL ANALYSES 


SURFACE WATERS OF OHIO—Continued 


Carbonate or 
temporary 
hardness (CaCOs) 


215.8 
207. 
19S: 
224. 
214, 


See 


184. 
240. 
247. 
234. 
224. 
233%, 
210: 
222 
220. 


189. 
2395 
DEN fe 
224. 
ZAG 
Iie 
224. 
2Ag 
220. 


COCORFOALN 


193%, 
240. 
245. 
237 
230. 
229: 
223: 
227 
PING 


204. 
DSi 
194" 


bw ht 
or 
_~ Re 
woonwnow 


er 
COW 
Koo) 
ow 


226.4 
Vile d) 


Non-carbonate 
or permanent 
hardness (CaCOs) 


Zi, 

w > fony 
BRASS eNoN 
mooort oonw 


Total 
hardness 


woo 

& S 
—) Oe ee ote 
CWOOONKN OCHO BAKKRON REE 


reo 

Ww 

o ‘ay | 4024 2S 
wWODANNOKDA 
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Total 
solids 


184 


TABLE XIX 


INDUSTRIAL WATER SUPPLIES OF OHIO 


Descriptions and Chemical Analyses (parts per million) 


Date 


Locality of Sample 
collected 


Color 


MIAMI RIVER—Concluded. 


Middletown, below town...... April 26 
¢ ¢ cre gant we May 28 

us ss eae ere June 28 

WY sf oe Seed July 19 

se < ee ae 3 Aug. 22 

e s AD vse ata Sept. 19 

“ S Se Rea Oct. 13 

ss Balled) ay: Nov. 7 

INN ELAS Crm tons (a Store Aone Ronee eects Saat enh 
Hamilton, above town........ April 25 
cf S cies ues ean May 28 

cs id Sy Rateae eee June 27 

uo o IT ag hee denen July 19 

es 4 GAT tase Aug. 21 

ss . ited SAE oe Sept. 19 

oH : SANs ROME Oct ais 

ss eM ante Nov. 7 
WAG CL ADORE ste ston teoet OREN Ge gh ot ead 
Hamilton, below town........ April 25 
a a SOE sea a May 28 

“< f A Pe A cr June 27 

e oe Kale ke Se July 19 

" cS Oe ae Ree Aug. 21 

: se Sgt arenas Sept. 19 

Ge - ares Ae eeu Ocemms 

ss s Phe, tee ee Noy. 7 
PAMELA CCI Mh rinysstsch cients ee aeeee eee 
Cleves, below town.......... April 25 
s “ Ce Shanna cies May 29 

“f a SEMRI Med inee an June -27 

“ ss OS) Wettig sein ee July 20 

oe iY SSN Seco erat Aug. 21 

- “ Ss ee: Sept. 18 

S es eR UPRGR PREY 5 or Oct. 13 
c “ SEE oar saith Nov. 8 

% 


— et On 


nN 


Turbidity 


sol 
. 16 
.80 
54 
ote 


30 


poll 
a2 


33 


Sediment 


Considerable 
Slight 
Much 
Considerable 


“ee 


Slight 


Considerable 
Slight 


Considerable 
Much 


“ec 


“ 


Considerable 
Slight 
Considerable 
Slight 


Considerable 
Much 


“cc 


“ 


Considerable 
Slight 
Considerable 
Shght 


Considerable 


Much 


“ce 


“ 


Considerable 
Slight 
Considerable 
Slight 


Odor 


Vegetative 

Faint musty 

Oily 

Musty 

Earthy 

Vegetative, faint 
musty 

Musty 


“ 


Vegetative 
Earthy 
Vegetative 
Earthy 

“ 
Vegetative 


Faint musty 
cc “ee 


Vegetative 
Earthy and faint 
musty 
Earthy and faint 
musty 
Vegetative, earthy 
Earthy 
“ce 
Earthy, vegetative 
Earthy 
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SURFACE WATERS OF OHIO—Continued 


Nitrate Carbonate or Non-carbonate 


(NO) nen Weedon (ENCGn).  Recdnses (Caco eta solids 
14.6 eS 202.4 2.2 204.6 370 
2.2 4.5 232.4 20-2 252.6 - 460 
0.6 binge 198.0 4.0 . 202.0 593 
0.4 ae 222.0 39.8 261.8 484 
Trace 4.2 240.8 17.8 258.6 446 
None 93 239.8 None 239.8 463 
Trace ae 186.8 LEC 214.4 434 
0.3 7.8 242.2 I2eZ 254.4 435 
7 aie 220.5 15.4 23589 461 
13:3 1.8 201.2 3.8 205.0 316 
8.0 0.1 122.4 7.4 129.8 1794 
4.3 1 | 186.4 None 186.4 621 
0.4 ae | 180.2 BDL 202.4 592 
Trace ae 6 1Spo2 2AZi0 208 . 2 436 
023 7-1 226.0) > 8.2 234.2 416 
Trace 3.6 179.4 29.2 208 . 6 418 
Trace 525 IP} oe NSS 246.8 417 
S18! sok 188.7 1379 202.6 626 
The5 3.3 206.8 1528 222.6 347 
6.2 Zt. 140.4 228 143.2 1547 
1 3.9 730.0 8526 265.6 467 
0.6 4.0 195.8 30.0 225.8 500 
Trace 328 182.8 Ted 190.0 383 
0.3 Oe7 230.6 1226 243.2 414 
Trace 4.4 1842: None Site Syl 
0.3 637, 227.6 11.8 239.4 381 
Pas 4.7 199.4 14.5 2329 551 
1973 Oe 203.4 7.6 211.0 369 
3.4 0.7 121.4 15,2 136.6 1721 
2.6 4.3 225.6 28.0 253.6 674 
0.4 Dee 165.0 28.8 193.8 2066 
O..2 3.6 WP 0.6 172.8 430 
0.5 Spee 232.4 11.4 243.8 450 
14.6 4.6 187.4 None 187.4 412 
0.4 6.5 F 22626 7.8 234.4 381 
2.8 Shy) 191.7 12.4 204.1 813 
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INDUSTRIAL WATER SUPPLIES OF OHIO 


TABLE XIX 


Descriptions and Chemical Analyses (parts per million) 


Locality of Sample Date Color Turbidity Sediment Odor 
collected 
LITTLE MIAMI RIVER. Samples collected in 1900. 
South Charleston, above town. May 28  .26 413 Slight Earthy 
“ “ se So, Junesz6, 340 a4 Considerable Vegetative 
“ “ “ “ | July 17 30 30 ee Ke 
“ «“ “ ePAUg Ad. 60a ok “ Earthy 
6 a w (Ce Octal Sieh co 24 # Vegetative 
“ « “ Ke. NEA DCT) 296 Oe 6 Vegetative, earthy 
INSEE in A wi ne eee errata he oe . 30 126 
Xenia, above town........... Aprili26uy = 420 Aa Slight Vegetative 
ub oe So gaat iets alae’ s May 28.28 . 20 Considerable ss 
se ee pny eA te gk os gh June 28.33.40 - rs 
“ “ ai a NS ee ulyenl/aaeees 0 34 Se Marked vegeta- 
tive 
“ “ be eu Ye Aug. 22.43 ao) se Vegetative 
“ “ CoP ated shee AN Sept 17 , 16 .14 Slight bs 
Bick ce SE cee Ae Oct. 18s so) slg) Considerable Faint, musty 
ee sf ee SSS Ned eoncls Wake SW 6s 08 Slight Vegetative 
TANTRA: Pen bs ROE a GE HS Geka Bee . 34 aoa 
Xenia, below town........... April 26 26 ae Slight Marked vegeta- 
tive 
@ ¢ eee ate PR CRA Ce May 28 .32 EP Considerable Vegetative 
es as Reaeeatans, See ee Junes28) 933 .40 o = 
ss of SO Abe Ravase sett akets july . 26 a Marked vegetative 
at ROSA Mb, Se cas we Auge22> 4.38 "9.823 : Vegetative 
s cs POP OR ao a RS Septal erally mls Slight if 
as a i Pease oe aps aN Octielsaess 14 Considerable Faint, musty 
ss SORTA ac 3 co Novo’ 058. 7510 Slight Vegetative 
AWerapeitl im: Whee. Lo) Sareea nei) .20 
Loveland, above town........ April24  .18 peel Considerable Marked vegetative 
“ ‘ Sec nA pith Fan a May 29 .30 S785 Much Earthy 
a - SES Gia aR Ma [wine Yo NS 52 Considerable Faint, sour 
a SO ks eto july. 21) /aeedS .50 . Vegetative 
«“ “ TaN AN INEZ IO SS) OS ys Earthy, vegetative 
ss : Ses fetes hs NY-} oad V0) .26 Slight Earthy 
ss Se eee ANG Octal oes 3 Considerable Vegetative 
s My clea ne Rye Nov..19) 226 16 Slight Earthy ~ 
AV ELAS OFM Martie igre tt testes ALOE 322 45 
Linwood, below town......... Apnl 24  .13 .10 Considerablé Vegetative 
«6 a Se eee dpe. Mia yaZ9I ee 25 SO Much Earthy 
% ee a as My er June 26 23 42 Considerable Vegetative 
“ helt Ba eT pat July f9 .25 7.00 Much Earthy 
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SURFACE WATERS OF OHIO—Continued 


Ss pear Carbonate or Non-carbonate 
By SHES nadeRoon nano naan seis 
5.3 Trace 225.8 66.0 291.8 354 
3.0 Trace 239°4 39.8 2IDS2 390 
0.3 5 290.2 7.4 297.6 438 
Trace None 221.8 36.2 258.0 349 
None None 223.2 None 27352 362 
None 4.0 266.8 None 266.8 423 
1.4 0.9 244.5 24.9 269.4 386 
5.3 1.1 22338 18.4 242.2 335 
ome 0:5 234.8 27.8 262.6 396 
3.0 0.8 250.8 None 250.8 423 
O<t 0.7 260.8 a None 260.8 374 
0.1 Trace 230.2 22 252.4 369 
0 1.4 235.8 None 235.8 315 
Trace 0.8 269.8 None 269.8 386 
0.5 1.9 2872 None 287.2 368 
E35 0.9 249.1 8.5 NSS 371 
5.8 1.6 240.2 13.8 254.0 362 
3.9 4.3 254.4 #0 261.4 418 
4.4 2:2 221.6 S252, 253.8 383 
1.6 a2 256.6 None 256.6 375 
Trace 0.8 236-8 None 236.8 344 
Trace 1.9 242.4 None 242.4 388 
Trace ati 252.4 None 252.4 380 
0.4 2.6 281.0 None 281.0 378 
2.0 thee 248.2 6.6 254.8 378 
Bes LA 194.2 20,2 214.4 316 
235 0.8 157.6 £532 172.8 483 
1.8 2.2 238.8 12.4 EMD 389 
L338 2.6 219.6 1152 230.8 350 
dee None 128), 2 20.6 148.8 338 
None 2.8 210.0 None 210.0 316 
None 2.9 224.0 None 224.0 378 
Trace 3.7 23152 None | Dole 343 
1,5 ¥.9 200.4 9.9 21023 364 
BS 2.6 190.6 19.4 210.0 308 
0.8 0.5 106.6 26.4 133.0 2195 
0.4 3.2 212.8 3.0 215.8 345 
0.4 1.3 VALE 2502. 152.8 1913 


188 


TABLE XIX 


INDUSTRIAL WATER SUPPLIES OF OHIO 


Descriptions and Chemical Analyses (parts per million) 


Date 


Locality of Sample 
we collected 


Color 


Turbidity 


Sediment 


Odor 


a 


LITTLE MIAMI RIVER—Concluded. 


Linwood, below town......... Aug. 20 
oe ss a cobain ses Sept. 18 
ss £6 SMA tata Ort tore Oct. 13 
ss “ CONE tea Acc Noy. 8 
INSETS SOO Che pint Re aa Mea er tee ore 


EAST FORK OF LITTLE 


Batavia, above town......... April 25 
33 ss SES SENS gecca tye June 1 
se < Soe WE a mc ghey June 27 
= cS Ce Se ade as July 20 
i a SEES Pe cas pect Aug. 21 
- ee Sue Siac ete Sept. 19 
s < LTE Sor os Oct) 19 
sf ge Aide Sey amen Ser Noy. 8 
INAS FAS gt Be TOR ee MAB Se 
Batavia, below town.......... April 25 
oe = abi Reacts June 1 
ce rt Be eae he June 27 
a He as ok ae July 20 
: ~ Seiwa teeter cee Aug. 21 
e eee 2 Ae Sept. 19 
ie + shinee rae Oct: 19 
‘e se > hee eo Nov. 8 
IAN CTA wate ois: asic crerstate Meee On eterna 


Shelby, above town.......... May 3 
4 es Ee NE eee May 29 
y ec pena Serre cc June 27 
Y ee aren July 18 
4 ss I. kan Aug. 17 
sd ue BEN oe ae Tes Sept. 18 
ee ss PS est Fee cf ae Octwa2 
ae nD AN ar eo Nov. 17 
IAVOTAGE «cus Gene ee ee oe oe 
Shelby, below town.......... May 3 
s 4 Ne Ain ae May 29 
s§ oy BE 8 ak a eee June 27 
s (en aed ae July 18 


Considerable 
Slight 
Considerable 
Slight 


Earthy 
Earthy, vegetative 
Earthy 

“ce 


MIAMI RIVER. Samples collected in 1900. 


60 


nee 


Considerable 

(73 
Slight 
Considerable 

“ce 
Slight 
Considerable 
Slight 


Considerable 


Slight 


Considerable 


Shight 
Considerable 
Slight 


Faint earthy 
Vegetative 
“ 


Sour 
Earthy 
Vegetative 


“ 


Faint vegetative 


Faint earthy 


Vegetative 
“ 


“ 


Earthy 
Vegetative 


“ 


Faint musty 


Samples collected in 1899. 


Slight 
Considerable 
Very slight - 
Considerable 
Very slight 
Slight 

Very slight 
Slight 


Slight 
Considerable 
Slight 
Considerable 


1Turbidity rod on bottom of streams with wire still visible. 


Faint woody 

Earthy 

Vegetative 

Earthy 

Vegetative — 
“ 

None 

Earthy 


Faint sour 
Earthy 

Faint sour 
Vegetative 
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SURFACE WATERS OF OH1O—Continued 


i a eehaide Sarnonare or Non-carbonate Talal in 
(NOs) Ton (Cl) hibdaece (CacOs) hardness (C:acOs) Raerdane At 
0.4 Trace 108.2 None 108.2 352 
Trace 3.4 205.8 None 205.8 326 
Trace ae 161.6 None 161.6 356 
02 4.1 229.2 8.6 237.8 302 
0.5 a 167.8 1053 178.1 679 
0.1 2.1 154.8 39.0 193.8 270 
0.6 O35 160.8 42.0 202.8 258 
C5 0.5 149.4 23.4 172.8 250 
0.2 Trace 167.6 None 167.6 258 
Trace None 80.0 None 80.0 307 
None i ee! 135.4 50.2 185.6 238 
None 22 111.4 10.2 121.6 251 
0.4 4.6 121.8 6.8 128.6 233 
Pez 1.4 135.1 21.4 156.5 258 
0.1 2.4 157.6 63.8 221.4 299 
O.-7 it 1612 19,4 180.6 277. 
O25 09 143.2 738 Pegi) 261 
0.1 0.9 195.2 None 195.2 262 
Trace Trace 80.2 8.2 88.4 B53 
None 1.8 139.0 None 139.0 246 
None 3.0 115.0 None 115.0 243 
6.2 4.4 124.4 23-2 147.6 230 
0.2 1.8 139.5 23.5 163.0 271 
0.3 4.1 197.6 33:0 230.6 406 
0.5 Trace 120.8 1379 134.7 956 
0.4 ie 176.8 33.8 210.6 354 
O.3 0.9 153.6 84.8 238.4 407 
0.1 4.3 191.6 81.6 27322 428 
0.1 2.1 191.4 59.2 250.6 411 
None tes 227.4 48.2 275.6 414 
0.1 Ley, 181.8 98.6 280.4 468 
0.2 2.0 180.1 56.6 DEN vel 480 
0:3 LAS, 115.8 100.9 216.7 538 
0.6 7.8 103.0 54.1 1572 435 
0.5 125 137.8 87.0 224.8 473 
5.8 6.3 110.2 88.8 199.0 383 
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TABLE XIX 


Descriptions and Chemical Analyses (parts per million) 


Locality of Sample Date Color Turbidity Sediment Odor 


collected 


BLACK FORK OF MOHICAN RIVER—Concluded. 


Shelby, below town.......... Mugsel7 20 .07 
S sf pe TG at Pee, Septploue. 20 WH, 
oH © Cem ork a are dee INK, J AY .08 
PNVEUAR Cae craig ache Nene Siodane onc ee . 26 20 


ROCKY FORK OF MOHICAN RIVER. 


Mansfield, above town........ May 4. .15 . 06 
cs i ik ee Mays 2904.42 2.90 
Y ef Fo Mia NaS eh Pe June 27 20 08 
sf ss ah be Soest July 18 25 16 
se a pete oe ae Aug. 17 15 ost 
a wu DS RAMI GS, Sept. 18 18 10 
oe chy Ag a oem ats Oct: 12 10 09 
se cc SMe a, oo Nov. 17 15 12 
INSU STOLE Se anieaken Coleen ere On Ambon 20 44 
Mansfield, below town........ May 4 .23 07 
eg es Oe eG May 295) 28) 3200 
3 st See eet June 27 23 10 
s “s rae oe July 18 25 21 
ss ss ee ae Aug. 17 18 09 
cs ss een ee Sept. 18 25 09 
i ee pee sae Ocha 20 11 
hs oe Ch aia a nied Nov. 17 n22 25 
UA WiELAC CeMtsas is cite ita ae ee ee ees 49 


Very slight Strong vegetative 
Slight Cattle 
de Mouldy 


Samples collected in 1899. 


Slight None 
Considerable Earthy 
Very slight None 


Ag 6 Vegetative 
ef fe None 
Slight Vegetative 


Very slight None 


Slight Slight vegetative 


Considerable Foul 


Much 
Slight 4 
Considerable 4 
“ “cc 
Slight Foul oily 
Considerable ess 
“ “ “ce 


MUSKINGUM RIVER. Samples collected in 1899. 


Coshocton, below town....... May 6 .20 .16 
e ss oe eeteake cee May 25 mess 28 
e e Ss tater June 23 22 80 
. . hats bikes. July 24 18 22 
os ce SF a bis Aug. 29 18 28 
- : 6 RM Sept. 26 26 30 
. eg ES oonn a ania Oct. 10 15 19 
i es Parents Nov. 14 15 08 
PAN CUAL Cir et akin tice oa A 20 28 
Zanesville, above town....... April 29.20 .40 
a i: a ees ee May 239.25 .90 
S it Pets arstr June? ie, 25) 
e ee OP. atone: HUN 2A oS) ile(0) 
S < ie Mite 2 AC o55) ee 48 


1Turbidity rod on bottom with wire still visible. 


Shght None 
“ “ce 
Considerable Earthy 
is Tea 
ss Musty 
a Earthy 
Slight Faint musty 
S Earthy 


Considerable None 
e Faint earthy 
Earthy 
“ce 


Musty 


Nitrate 
on Chloride 
(NOa) Ton (Cl) 
0.2 28.3 
0.3 er | 
0:3 8.7 
De 3 ioe 
0.1 1.3 
0.4 2.8 
0.3 1.2 
0.2 2.4 
None 12.4 
0.2 0.5 
0.3 0.6 
1.4 bit 
0.4 Z9 
0.4 14.4 
0.6 10.9 
0.5 31.4 
SS 17.4 
None 20.9 
1.4 1725 
0.1 12.6 
0.2 8.5 
0.6 16.7 
0.1 8.3 
O52 6.5 
0.4 15.4 
0.4 25.5 
0.1 15:2 
0.2 24,2 
O75 i Ae | 
0.2 21.9 
0.2 19,4 


coosoo 
RHR wWYN 
SOND) it SBS 
NOR ADN 
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SURFACE WATERS OF OHIO—Continued 


Carbonate or Non-carbonate 
temporary or permanent 


hardness (CaCOs) hardness (CaCOs) 


Ly ee” 327.6 
90.4 350.6 
77.4 225.6 
98.8 176.4 
197.6 46.9 
54.5 Trace 
171.4 27.4 
171.6 64.2 
188.4 58.4 
194.4 79.8 
207.8 O32. 
1722 101.8 
169.7 59.0 
201.6 215 
130.3 49.3 
208.7 30.2 
188.0 61.8 
34.8 36.6 
27.4 57.0 
214.6 78.8 
163.6 103.0 
146.1 55.5 
104.6 33.8 
79.1 13.3 
102.5 69.6 
117.6 31.8 
138.2 79.0 
7 ac 292 
144.0 82.6 
139.8 54.4 
120.4 49:2 
93.0 80.4 
ERS 44.5 
Stee?) 30.4 
95.8 21.6 
166.6 23.2 


Total 
hardness 


AK Rh RR OWAH TOON WOON NOOO & 


DN aed he hak 


ore Se 
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192 INDUSTRIAL WATER SUPPLIES OF OHIO 


TABLE XIX 
Descriptions and Chemical Analyses (parts per million) 


Locality of Sample Date Color Turbidity Sediment 
collected - “+ =~ 


MUSKINGUM RIVER—Concluded. 


Zanesville, above town....... Sept. 28  .30 .90 Considerable 
ss ss HA PR OctialS parc .26 & 
cs % A we Wesieatnee Nove 23eeeo B25 Very slight 
INV EEARE AS 2S chro ein tiene Sab sheme Sore pl5nn LEOG 
Zanesville, below town....... April 29 =. 20 40 Considerable 
“ oe aOR Wiles ey 5925) .50 ¥ 
«“ Kae Hae en ay junc ais oe0e “ 
4 % Ce Uys tee July 27 252 lsO0; e 
s oe rons ie oles Aug. 31 25 58 S 
§ 4: ee eer Sept. 28 30 85 ss 
“ cs Oe rian A Oct. 18 ep ae < 
és se A ea eae Noy. 23.20 .26 Very slight 
FAW.CL AD CH OMS F deat ea eH a83, og Set a 24 98 
McConnelsville, above town... April28  .10 .20 Considerable 
“cc ““e “i >a May 24 : 28 5 55 “cc 
“ COENEN hy blues ee fT « 
cs S Sag eae ttle 5 sation te 245 Shght 
“ (74 “ce phe Aug 30 . 22 . DBS “cc 
. Se isis Weesxoinics oi) (aa /X0) sis ce 
u ‘Se ee Octn li, . 10 14 - 
ns Ye re tas INOvaeee, eeaZ0 14 Very slight 
ACV CLA DIC MARTA TS cera h aay teri ehas Tree ee A9 2 AO 
Marietta, abovetown........ April28 .10 14 Slight” -— 
= ef ce) Doi, aed May 24  .25 .90 Considerable 
2 se Se a eet Jiumee2 230922) eS 0 oe 
& Hd Pb aM eee July 25 . 28 45 € 
« Cite Re gaan See Aug: 30& 20 >)40. 90 Slight 
s a Sy th aerate DEDtEL Haun 20 - 
i “ | ome, NTE Oc ia 10 mT, Very slight 
a < LOM ona A Nov. 22 . 10 malls fc 2 
INV CT AER Se opines heen Even ao) ye Re eae 19 70 


Canton, below town.......... May 5) 740 091 Slight 
se Sere A LYM Mle 10) 50) 52 Considerable 
“ 6 Lae Mica ee coke Juner28" 315 eae Slight 
ec Ce Lene Bey a 6 Julya lose 2s -08t o 


1Stream so shallow turbidity sti¢k rested on bed with wire still visible. 


Odor 


Earthy 


“ 


None 


None 
Faint musty 
Earthy 

“ 


Musty 

Faint oily 
Musty 

Faint mouldy 


None 
Faint earthy 
Earthy 


Vegetative, earthy 


Vegetative 
Earthy 


Vegetative, earthy 


None 


Faint woody 
“earthy 
“ “ 
Vegetative 
Earthy 
“ 


Faint sour 


None 


None 
Faint, musty , 
Musty 

Strong musty 


ee as? = 
3a ; 
> Pe 

* 
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SURFACE WATERS OF OHIO—Continued 


Diease Nines Carbonate or Non-carbonate 
(NOs) fon (Cl) hardness (CaCOx) hardness {@aCOs) Sent solids 
0.1 16.1 137.0 43.2 180.2 440 
2 pa ail 145.8 14.8 160.6 385 
0.8 16.1 145.2 29.4 174.6 334 
0.4 10.0 114.2 35.9 TSO 498 
0.6 5.6 gy. sie? 124.9 261 
0.3 5.6 59.4 41.6 101.0 305 
0.6 1.4 60.9 14.0 74.9 1496 
ea 6.5 90.2 8.2 98.4 442 
0.0 10.5 154.8 41.8 196.6 495 
0.3 Ase7 152.2 120 164.2 Syiiil 
0.2 18.2 166.2 32 169.4 382 
O65 14.9 172.4 S5u2 207.6 349 
0 4 9.6 118.7 23.4 142.1 530 
0.4 5:8 101 1 56.8 T5739 269 
0.4 Net 33 yt) 50.0 P2380 304 
0.5 Dee 44.5 7.6 SQ 1784. 
| ba | 11.8 90.8 21.8 112.6 296 
OFZ 14.8 147.2 40.0 187.2 329 
0.4 14.3 15252 None LS 2262 306 
0.3 15.7 15252 31.8 184.0 308 
0.4 19.0 142.2 49.0 HOW? 315 
0.4 10.9 112.9 ae 145.0 489 
0.4 Sop 112.4 YAS) 1703 275 
0.4 IE, Te 22.4 94.2 396 
25 on 93.59 52.0 145.9 1017 
0.2 8.2 93.6 17.0 110.6 264 
0.2 8.9 1272 55.0 W77e2 245 
0.2 eS 143.6 6.4 150.0 304 
=f 12 146.8 62.0 208.8 300 
0.7 17.9 144.2 39.4 183.6 322 
0.4 Shae £16. 1 39,0 AMCs 390 
Cus 5.9 158.4 9.9 168, 3 304 
Ev Teg yA 5.4 S75 225 
SA 12,43 156.0 56.8 212.8 377 
0.4 14,3 LW ee 44.8 224.0 335 


7—G.S. 


194 INDUSTRIAL WATER SUPPLIES OF OHIO. 
TABLE XIX 
Descriptions and Chemical Analyses (parts per million) 


Locality of Sample Date Color Turbidity Sediment Odor 
collected 


NIMISHILLEN CREEK—Concluded. 


Canton, below town.......... Aug. 19 25 .08 Very slight Foul 
Ss 4 9 ROSS Sep tnom wee 2 26 Considerable Very musty 
ce se CaS uenkes se Oct, 11 +20 09 Slight Foul 
a Sgr crea chee ans Nowe GS 5 09 Slight Musty 
FAN CL AE CRA rare irc teneah a aeicde ot neers . 28 18 


NIMISHILLEN CREEK (WEST BRANCH). Samples collected in 1899. 


@antonyabovetowns 4. o6 ee Wie So 25 . 06 Slight Faint earthy 
es ss RE Re Re RES May 30) > 750 .30 Considerable re musty 
cs a pi See ee Junes285 915 n033 Very slight None 
“ s SSR al 1, Bort uly Ome 03! e os Vegetative 
“ “ ee At — os Aug. 19 10 034 Trace “ 

A ce Se rata ne Sept walls . 06 <6 =o 

ee Ss Sap ROR eGo. Sran a Ove 1h 210: 031 a ~ 

& si, EM ek a NovAt6y 6 Sosa 008 Slight iy 
ENGAGE Soe ty ie ROMER oR OR eT Gl ONE 23 . 08 


OHIO RIVER.? Samples collected in 1901. Untreated supplies. 


Wellsville, hydrant........... April 16. .29 96 Considerable Faint earthy 
Kegs ARB tose June 24 .20 948 ee Distinct earthy 
H SAA Anant Merton: dolke 7-45 58 Decided “vegetative 
Ms Siphcr tiene. Aug. 12.32 Slight Slight Faint musty 
ss So Ota te ae Os Avigeoil arg s56 101 _Decided Distinct earthy 
e SS eh Seow cance cs Sept. 6 <45 ydllo Much es es 
a Soe Lien cick oe Sept. 13  .40 173 Decided Faint vegetative 
SO lbs, as cliche Oct Il) eh) Sliehe Shght Distinct oe: 
i SE cas ae Decry 65 78 Decided “~~ earthy: 
PAE TA'D OA ava, ravage A aye nee I ee 35) 284 
Martins Ferry, hydrant....... April17 28 46 Considerable Faint earthy 
ee os STAM hie te Jume:24 (22° 567 Us Distinct “ 
&é «“ Ul hype eae Julyel7 335 58 Decided “vegetative _ 
st Sie pe ARTAS Aug. 12.28 Very slight Slight ce es 
ie wy Gk, Perini d Oct: -14 .30 29 ee None 
«ce “ Cee Jenne Decry sss 58 ee Faint earthy 
PA ET ADC ead 2 hy Seis: PRG ee 30 126 
Bellairewerlver science Aprill8  .28 63 Considerable Faint vegetative 
oY CEE, a Cee ee at une 24 a 2 eli 03 Distinct earthy 
‘ SSL RRM AGE Ee AE IR Wipe aS 1 S “vegetative 


"Stream so shallow turbidity stick rested on bed with wire still visible. 

*The significance of the letters used in the turbidity column of the Ohio River results is as 
follows: Turbidity obtained by diluting river water with clear water, c = ratio of 1 volume of river 
water to 3 volumes of clear water; d = 1 to 4;e = 1to5;f = 1 to6;h = 1to8;1 = 1to 12: 
r= 1to 18. The letter u in a column means undetermined. Turbidities are in terms of the silica 
standard. See page 161. 
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SURFACE WATERS OF OHIO—Continued 


Carbonate or Non-carbonate 
temporary or permanent Total Total 
hardness (CaCOs) hardness (CaCQs) hardness solids 
170.2 82.8 2530 408 
153.0 65.4 218.4 Bei) 
198.4 67.6 266.0 395 
146.2 69)2 215.4 367 
1 50.2 201.9 343 
147.0 55.4 202.4 315 
S0°7 15,3 66.0 192 
160.1 None 160.1 286 
169.6 30.0 199.6 293 
179.2 76.8 256.0 PBS) 
171.4 Uva 6) 186.4 273 
179.0 17.8 196.8 281 
147.8 70.6 218.4 418 
150.6 35. 1 185.7: 294 
Lt 35 46, 197 
ees eae = otk, 237 712 
She ae a Zon 222 
eee Shs Sees ae 231 
ieee. a Beene De. 176 
SV oe BY Tea ie 30. 1228 
FS hem Cee ST mas Bi DT, 276 
Bee ceeed a ame <le sy e < gle 169 
LEGA labs Os ial Su ay Seat 19. 153 
LE SME Dg A ile Cee SI 26. 374 
22 53 oe 171 
eRe eo eS eee EXem SS 
TR aa 5 ae ee 34. 234 
2 MLD pa Sse 43, PAVE 
Sa GE et Oy eS Sys 36. 188 
nn ee Tag ee 20. 143 
Be ah Pe me eR! te ek Vi 221 
19 38 Wie ah 
oie ae ee oe 30. 408 
Sy Ot hy A re 34. pi 


196 INDUSTRIAL WATER SUPPLIES OF OHIO 


TABLE XIX 
Descriptions and Chemical Analyses (parts per million) 


Date Sediment 


collected 


Locality of Sample Color Turbidity 


OHIO RIVER.! Untreated supplies—Concluded. 


Odor 


Bellainemann.dratitaneieane eee April18  .28 46 Considerable Faint vegetative 
a Le ae Al et Mer June 24 .22 603 ef Distinct “ 
“ CNBC AS pi July tlie med wees “ Er se: 
a BOTS re tees eee A ae Mug lOny 232 54 Decided es <e 
a EEN, ICT Sie ae Septemcuss50 358 Considerable 5 Searthy; 
i op Pietcks Celene Sept. 12 42 106 Decided Faint vegetative 
we EBs POR Me Octns 24 Slight Slight Distinct ‘“ 
a et A Dec. 10 40 83 Decided es = 
BASEL ADC Meatrcis ata MOR Sh no dae eet Se noe, 165 
Trontonpehydtantesse mesa eae May 16 .24 562 Considerable Distinct earthy 
ee SNe its eotchancn ade ulye23m eo dil63Z Much ss cc 
ag CO le ae Aes Aug. 30 30 470 Considerable ee musty 
S SO AD nh Ket a aie Niovaevly 35 111 Slight 4 earthy 
. cee I rede Peat Decwl2y- 250 302 Considerable cs g 
PAV CLAP C veh Satis SA ae iste «aS NOR Oe 35 615 
Portsmouth, hydrant......... May 17.4 1084 Considerable Earthy 
a OWT A Uae June 27. ~—-.40_ 13068 Much ms 
: Meret ttn Raa a July 23 .50 h2248 ee me 
See Sei noe Aug. 19° .33 e890 Considerable ce 
g sie AEE Oe Dec. 10 .40 153 <e ct 
PAN CLAD CMeiMer Nive Ahi cholin, caine stem eres 37 3489 


OHIO RIVER. Subsided supplies. 


Samples collected in 1901. 


East Liverpool, river......... April 16 29 126 Considerable Faint earthy 
Ke is ie June 25.28 249 " Earthy 
iE < OTs ee hol July ly «63 78 Decided Vegetative 
« ee TN ee en Aug. 12.28 u Slight Slight Vegetative 
ss a be See STs Sept. 4 36 207 Decided Faint earthy 
x ge NIL Sept. 11 — 36" 296 sf “vegetative 
se se BE MND aed ris (Oye 7s Gass Sane Slight Vegetative 
FANEDAB ER ciara tccte Moe. OLE ee .34 108 
East Liverpool, hydrant...... Aprill6 .39 83 Shght Faint earthy 
fs s Ss ers ee June 25.23 207 Considerable Vegetative and 
earthy 
ie tts sea othe WW 5 46 Slight Faint vegetative 
s 3 I Ke or eee Aug. 12 50 Very slight Very slight es © 


"The significance of the letters used in the turbidity column of the Ohio River results is as 
follows: Turbidity obtained by diluting river water with clear water, c = ratio of 1 volume of 
river water to 3 volumes of clear water; d = 1 to 4;e = 1to5;f = 1 to 63h = Tito 631s cto ales 
Ta : ie 18. The letter u in a column means undetermined. Turbidities are in terms of the silica 
standard. & 


yor 
‘a 
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SURFACE WATERS OF OHIO—Continued 


Nicrate SHEE, Carbonate or Non-carbonate = 
(NOs) Ton (Cl) hardness (CaCOs) ; hess (CaCOs) ee oe 
Trace $2 25. 42. 67. 177 
ws 18.8 SBCL Re ols | oo Sew ase 55% 378 
139 19.0 AO See eo 36. 270 
1.0 32.0 Lie rn ee 44, 250 
Trace 13.6 Shite Pell dae 36, 389 
0.2 16.2 Sone (@iMeeg mares fie) 252 
0.4 22:2 Sar ee © eee ec STs 209 
0.2 10.0 ine he es Soo Set Ly, 140 
0.4 LW S55) See hy) ck eo SS) 258 
Trace bict 22. 43. 65. 412 
0.2 16.0 Soh yee be S.. 38. 719 
Trace 18.4 ch ae ae arate Bile 453 
sie 38.3 Se rer 50. 292 
0.2 14.6 1 Ce Me Sees, bye 491 
OF 1 19-7 Bey PG ke! 8 peaks 32. 473 
Trace 9.9 29: 62. ous 694 
0.9 ia | SS le te eh) ages 5 26. 4500 
3 131 age Sel we Oa Sek. 30. 612 
0.4 ead SS) Te @ ey) tected: 35: 407 
Trace 16.2 Ose ae Ph. ote. bs OR 241 
0.5 929 Le re 28. 1291 
4.9 RR: =). 44. Boe 178 
Trace 16.8 Say ee re ce 33., 257 
0.7 23.4 Be pom Sg Neca: B33 244 
Trace S07, See of OA ee es 35. 241 
OFZ 17.8 1) A Sey te pe 192 
0.4 1653 ape ee ge fi tes 34. 168 
0.4 22e7 AQ Wiese)! ee 40. 218 
029 20.4 Ol Meee Pe) oe 30. 214 
0.5 7.8 8. ss) 31. 112 
Trace 17.6 Je LA a eee 30. 243 
0.4 24.0 Ase RR ON as te: tae 218 
Trace 30.7 Sam nite 50% 38. 220 
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INDUSTRIAL WATER SUPPLIES OF OHIO 


follows: 


TABLE XIX 
Descriptions and Chemical Analyses (parts per million) 
Locality of Sample Date Color Turbidity Sediment Odor 
collected 
OHIO RIVER.!' Subsided supplies—Continued. 
East Liverpool, hydrant...... Sept. Ate Oy: 389 Decided Earthy 
a a 5 tek Ton nit Septet woo 73 me Faint vegetative 
# ie att 3 Octw a a 228 Slight Slight Vegetative 
g See cuacin B Dec l0 FeO 92 Decided es 
ENG CTA ONS hearse Wess AEN sha aan a ny Pa eee 50) gaits 
MROOTIUOMMTIVCL vane sents aie eae April, 17. = 328 78 Considerable Faint earthy 
ss eee Mest pe hy Stan Rei ts Janes 240 > 2207 d65/ sd Earthy 
oe EE pee eae eae eee iullivyes Gia yer, 58 Slight Faint earthy and 
vegetative 
ne ea een pen ae i Aca diion 22 ueSiigit “ Faint vegetative 
INSEL Seton ole c Bie eae oe ROR ine TIO 5 198 
dioronto. ayidkan Curie ete April17 —_.26 50 Slight Faint earthy 
7 Gol ea dearer June.24 2 (22 96 Decided Vegetative 
iY Soe Waar e a. July. te) 225 “uw Slight Trace Faint earthy 
ie Sey ty ttc eer: Aug. 17. .22 u Very slight Very slight Faint 
IS REIGNS 7, BE MR gee caren AEE ok ee 24 37 
Bsteubemville; Givers’ sa. 6. oe April 17 28 63 Considerable Faint vegetative 
es CED ae Ree June 28 30 470 sf Earthy 
i Saye auretepcots aets alti lireskt iam 5 Si Decided Faint vegetative 
3 ee Wg Ta eh Aug. 12. .30 u Very slight Very slight Trace 
sf EO wilt a gna eerie: Octarg ei 136 Considerable Strong foul 
es Sa ee agece ee, Mtoe Dec Wie Se Sicreos < Vegetative and 
earthy 
Pie als RISEN Veen hems Peete st» arte nS2 144 
Steubenville, hydrant../..... Aprile.) 327 37 Shght Faint earthy 
* Se eee June 24 = .20 68 be Vegetative 
Me COMPS Lea mea near July 17.30 Very’slight Trace None 
a Die Rane ot Aug. 12 .8 None None Trace 
P ten Pah Octs 995 526" Wrace Trace None 
2 es ote sia Dec. 11 .30 Very slight Very slight 3 
PSone COI a he css osc oat ae ae we) 
Nieié tease rivers <.' tise aveuste oe May 14.26 645 Considerable Earthy 
oO ie rE er, ha Se pune? _ «35 336 s He 
< LOE oe See July 226 tes 126 ‘ Vegetative 
a laden re ery eer dNoye, IS) PS 83 Shght f 


‘The significance of the letters used in the turbidity column of the Ohio River results is as 
Turbidity obtained by diluting river water with clear water, c = ratio of 1 volume of 


river water to 3 volumes of clear water; d = 1to4;e = 1to5;f = 1to6;h = 1 to 8;1 = 1 to ius 


el Lomo; 
standard. 


The letter u in a column means undetermined. Turbidities are in terms of silica 


Nitrate 
on 
(NOs) 


Chloride 
Ton (Cl) 


rm 
_ 
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SURFACE WATERS OF OHIO—Continued 


Carbonate or Non-carhbonate 


temporary or permanent “Toral Toral 
hardness (CaCQs) hardness (CaCQs) hardness solids 
PE a eg ao Ree Dae 241 
Lo Oe Se eae ok 29. 143 
fe ena, Ge Cee ae 39. 195 
AS ee a Set 19", 189 
De eI ie met LY i Die 195 
1] 35 46. 178 
Oe | NG ey Ae on 527 
SiC ae Ve Paria = 30. 224 
Shen Pa cess 30. 269 
Co ee A Nae ee ie, 24, 299 
12 42 54. 131 
jae PO eee ROR eee 23% 184 
Oh Tg tee eae ae ZS, 187 
ee) | Calm, Seca 33% 228 
BE ae ee A meh 24. 182 
14 34 ' 48, 181 
ee eee ee ee 20. 382 
26 26. 236 
ee? oe oe ee a ek ” AiettaneMious: u 
53 139 162 684 
LE, ge ee EN ge ie 284 
LS all IO Serer 24, 353 
19 40 BO” 106 
oe ee ert, Ze 167 
ee > A Sa er 235 ie 
Le To he glee 40. 193 
32 33 65. 137 
Th a Sages Sh) eR ee a errr u 
Ls oe Sh ! Sr ree, Lie STS 
14 25 39. 820 
ee eens ae 29. 357 
I ee ied ae eee Ze 276 
A See PA 8 43, iS) 


200 INDUSTRIAL WATER SUPPLIES OF OHIO 


TABLE XIX 


Descriptions and Chemical Analyses (parts per million) 


Pasay of Sample Date Color Turbidity Sediment Odor 
collected 
OHIO RIVER.' Subsided supplies—Concluded. 

VieirrettasmenlViela aan. arent Sept. 9 .26 eit Decided Faint 
“ SPR ne, easier he alts Sept. 28. .45 42 Slight Faint vegetative 
= ESM WY A ads ha aay (Gree, Wh oy BS 29 Decided Vegetative 
eS Se acre tS Dec. 11 45 126 cs J 

PAW CGA Chrtoiin cio a ns oat me eee em arene 34 190 

Matietian shydran times ars- May 14 .24 429 © Considerable Earthy 
es Sad Minny eee ds to Junes2/ay 35 316 sé ee 
es Sp > ery Oe Seta Willys Bee 92 Slight Vegetative and 

earthy 
a pe ail ehchc teas. Aug. 19 .16 73 ef Decided oily 
" Soa dessa toaire exes Seo, 5 te! 201 Decided Strong 
Bs CaN wre, bec re > canes Sept. 28 .30 46 oe Stale vegetative 
. So i Rcclabay orcas fat Oc aD ees 46 = Faint putrefactive 
9 eres, Aer Pane ge Wee iile 45 121 és Vegetative 
BNW EDA CCR tis calc cc don i weorcte irate tat eis 26 166 
New Richmond, river......... May 18 B10) 316 Considerable Earthy 
ss Se Bot ae cee June. 29.5 226, €3330 Much ce 
@ Ks Sa he erie arte July 23— 4.43 287 Slight ce 
cs ce an ee ees Aug. 19,29 316 Decided Vegetative 
4 = PT Th cers Oct) wez0eMiitace Trace Trace 
ss es SCA Rel ee eee (Deck mltlmes 141 Decided Earthy 
IANS STEEN a caro Pe Pah esha ERE tes A ee at “4.33 (32 
New Richmond hydrant...... May 18  .25 58 Slight None 
ee ‘. BNTE ore oe June 29 ee Seaielso6 Considerable Earthy 
e is Soe Fahy hulys23 .40 Slight Trace Faint 
_ . ig se cor, Aug. 19.24 rN Very slight Faint vegetative 
i eg Bats oh ote Octares .26 Trace Trace Trace 
a i Se Ga atok aes Dec. 11 .18 Slight Very slight None 
INET AS Ont IR a's. cnc eee SGT ah ae on et ae G 326 


OHIO RIVER. Filtered supplies. Samples collected in 1901. 


Mingo Junction, river........ April 179230 63 Considerable Faint vegetative 
ss is Aged is eee WIE, Zone oS 207 “ Earthy 
% by De CON Reet July else 63 ; e Faint musty 
ss rf MOR ea. Aug. 13.27 u Slight Slight Oily 
= ie Sere y oro ake Octyes 60 88 # Strong, bad 
PAVED CM cet abi cl <1 Gaerne oe nares . 38 84 


‘The significance of the letters used in the turbidity column of the Ohio River results is as follows: 
Turbidity obtained by diluting river water with clear water, c = ratio of 1 volume of river water 
to 3 volumes of clear water; d = 1t64;e = 1to5;f = 1to6;h = 1 to 8s 1S toler ton ee 
The letter u in a column means undetermined. Turbidities are in terms of silica standard. 
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SURFACE WATERS OF OHIO—Continued 


Nitrate ee Carbonate or Non-carbonate : 4 
Wes. Tonte  harieetoy hardness (CaCOe) hertit solide 
* 
a Trace 14.4 PRS OL pel Med Ice 255 178 
4 Se 12e2 A Na Bag ae A Oe Ze 155 
“ 26.8 Be ee here ee 32. 184 
= 27.8 Eg kT aces eee toe 19. 281 
4 0.3 20.3 Cate ee (ek hs, 25, 320 
Trace 12.3 on 55. ia 342 
1.0 15.1 hank ae ee 29. 325 
| 0.3 21.7 ae a irs 21. 206 
, 0.3 43.7 Be et Sa ee 46, 313 
Trace LY MS okay = fab tng taetu.e M4 Bre 179 
= 12.4 Ree LOS 0) er 42. 176 
se 23.9 =) en ee ea ae 38. 176 
<< 11.8 A ee, ae Lae” een ee 1 ie 208 
| pe 19.8 ete ed ee rer a SA 241 
Trace 8.6 35. i he We: 495 
a 75 51S ure, mama lene eee 36. 827 
5 a2 tO ein ae ey 960 46. 182 
Trace 523 ce Fe a. ie ce 35. 273 
0.4 10.5 ASL Bh Petey es SPs 43. 128 
0.2 See | 2a IS AS Ose: 24. 220 
ek 9.0 SCG ae Oe ee: Le. ; 37 354 
Trace 7.4 42. 34, 765% 169 
ce 3.0 Shear weact - eA iae- 38. 329 
(eb 8.0 Si eae |e | eee. 56. 129 
Trace 10.3 SOLF SON PA, eh 59. 181 
0.5 10.4 ce gpd ee ieee 44. ey 
0.3 19.9 AO ap ete. 1 ye the: 49. 172 
0.2 9.8 Zieh ih. ORD NS pk aise ort 48. 185 
Trace 7.8 dee 14, Da 181 
aS 16.9 ips 41. 66, 343 
1.4 27.0 LOT 49, 81. 251 
0.6 36.9 44. Se 95. 289 
None 59a 56. 49, 105s 302 
0.4 25.6 34. 41. 5 Hee 269 


202 INDUSTRIAL WATER SUPPLIES OF OHIO 


TABLE XIX 


Descriptions and Chemical Analyses (parts per million) 


Locality of Sample ieee 5 Color Turbidity Sediment Odor 
collecte 
OHIO RIVER.! Filtered supplies—Continued. 
Mingo Junction, hydrant..... Aprill7  .28 Trace Trace Trace 
ee es RL. Sea June 25 .24 Trace Very slight None 
ef Ye 2 ees Wolly AS i Trace os 
e ee cag tee Aug. 13 45° None None Raw oysters 
4 We ae neha Oyse, il 2 WC w os None 
INS CRASS tes tne DNS WRG eee eee eres DEEL 13 
IDaieneitonige ldnkecde ay dae coos Mlany Sy 22 515 Considerable Earthy 
Bs ia deeme Pine) ae pd) es June 27 ~—.40_-1 4668 Much « 
a Fah or Se ae Villy 2D 445 666 Considerable s 
# ON Soe ae iets eas Aug. 19 .19 Slight Very slight Oily 
Gi i Saeed Say eer 2 Sept. 24 .50 249 Decided Earthy 
- ES Rares es a aa Deer2sa 55 189 ¥s & 
PANEL AG Crutegt tee, ty SeUmnE Se ceo EM re .39 1048 
Pomeroy, shydrant.5..2...... May sy 10". trace Trace None 
cy aS ee SORES Junes27/ 25. 20 = Shiehe Slight Faint 
a (ha We ee July 23 .10 ‘s Very slight Trace 
oo aie Ate WS rie, Aug. 19 .18 Trace Trace None 
hy Se ee pater Aan nept-24— 5 None None es 
© Ve perma pi td BR, Deca23e) 20 “ © 
ENV ET A@ Obie o's ions: © Pe tie tare RA 10 
Gallipolistorivers cs across. May 16 DE 429 Considerable Earthy 
ee Se Sees July 1 .26 e2350 “ “ 
us i tiagk aoe kane iulye2 SS dG Much ne 
SS SCP eed cee ani earn ANU US) WIS 281 Considerable = 
es PS AIS cei OE See Septazls yoo) cI0G6 se &¢ 
a LTE i cusiecra ey seein. Oct. 9 . .28 u Slight Slight Vegetative 
ss SY hh a es ee Dec. 14.35 302 Considerable Vegetative and 
earthy 
IN AERA A ROR A een Oe Clic Ma com Ow < . 30 826 
Gallipolis, vlivdrantaescoe men ee May 16 .8 None None None 
«s Diab bk fea. fate, Nuly= el 20m brace Very slight os 
ss SMES Eee Acai July 23. .10 Trace os ES “ 
Se te Une erry ees Aug. 19 13 ss “s ee Faint vegetative 
Ke ere Oe oer ee Sept. 21 .10 None None None 
cs oR int, cy ties ee Occieso mbraccmmne ao “ 
3 ea Coe ohe eat os Dec. 14 10 ss oe “ 
BANE AC Ry Pa, v1 0 Land autereene oak eae navel 10 


‘The significance of the letters used in the turbidity column of the Ohio Ri i 
nei r Ss used in t ver 1 
follows: Turbidity obtained by diluting river water with clear water, c = ratio of tole of 
river water to 3 volumes of clear Water; d = 1 to 4;e = 1to5;f = 1 to 6; h = Ato. Sits ouliee 
a me y 


r= 1to 18. The letter uin a column means undetermined. Turbidities are in terms of silica standard 
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SURFACE WATERS OF OHIO—Continued 


; Nicrate Carbonate or Non-carbonate 
| on Chloride temporary or permanent Total Total 
= (NOs) ~ Ton (Cl) hardness (CaCQs) hardness (CaCQs) hardness solids 
12.0 19.8 47. 45, o2e Zs 
14.2 219 52. 74, 129), 265 
19.5 22.6 60. Sheds 1525 279 
AY. 2 32.8 74, 109. 183, 347 
12.4 30.5 76. 96, Li 327 
15.9 25e5 62. 83. 145. 287 
None Jae 7 28. 32), 60. 1005 
029 8.7 40. 24. s 64. 1926 
OZ 24.8 a3 35. 68. 342 
Oz 37.0 64. 65. 129 284 
Trace 12.8 Za oh 30. 234 
0.5 12 14, 13. Affe 257 
0:3 17.0 34. 30. 64. 675 
None 13.4 38: JY). The oF 
Trace Ae OP oe Lee er We a7. 189 
3 25.8 —26. 141. Ss. 306 
0.2 36.8 61. Tie 138. 266 
Trace 14.4 4. 63. 67. 161 
0.5 cok —28. 61. Sok 156 
0.2 17.9 8. 13k. 81. 2 
Trace 10.9 24. 44, 68. - 420 
« 11.0 Bo ei) RM oes Belg 717 
ee 34.6 36. $7: 93). 478 
0.8 28.0 Do Me Eitan Sonica ts 52. 295 
0.4 24.8 SLC A Gee wage eee 36. 542 
0.4 24.5 71 Sg dn A Re ee 45. 203 
Pod Of ear Ce oR an se Die 530 
0.4 ewe See Mat win 8 6b C ees a7 455 
Trace 11.4 ae ye 56. 154 
ce 10.1 Oe ee MMP the © cht: 38. 149 
0.8 17.5 43. 46. 89. 173 
0.4 19.3 5 a ee ee 52. 171 
Trace 20.2 AS ee eee (Tamed, 43. 150 
0.4 20.0 ay ee 46, 158 
ee 20.0 Lie” | | Sh Ons ieee 45, 160 


46. 46, 159 
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INDUSTRIAL WATER SUPPLIES OF OHIO 


TABLE XIX 


Descriptions and Chemical Analyses (parts per million) 


Date 


collected 


Locality of Sample Color 


Turbidity Sediment 


OHIO RIVER.! 


Rapley MulVier weet. n= ase May 17 30 
: Bie I ia Nees end ate Mee by | G25 
. “a oe (Ac ae PA nell Reena 2 Sept. 17 32 
PAWEL AQ Cha Nereis GR AGS ioe alee sustaetet a envio a 29 


OLENTANGY RIVER. 


Galion, above town.......... julya ss 
ef ce AE Ame ate Aug. 24 3 
se oe yang one rarare Septy cae mS 
e f are ee ree Ow Le 8 
ce * TL A oe Nie Nov. 30. .5 

PAG VeT ACC he ic oh eh Sahoo naa enor wet: Mutkstaess 

Galion, below town.......... July 15 4 
i = eer weaker Aug. 24 
- ce EEE. xen eee Sept. 24 35 
a ss ty eee ee Oct 22 5 
“ es Se eae aen Ge Noy. 30 4 

PACT aD CMW ea sin cheistat ts) cnaintar dee Atenas 

Delaware, above town........ June 109 32 

ce e Me ae dei US 8 
- - Bie od Grae Aug. 24 .2 
os “ Es ete Sept. 24 .2 
iy SP seas Here Oct 26 ee 
s ee ree eG, Dece ales 
PAV CEAL CN Monae eee ee act coe rears 
Delaware, below town........ June 10 25 
e s oes Ae July 15 5 
n a mee havent Aug. 24 25 
4 ee BO eed el Brie Sept. 24 2 
$ < Cae bad en Oct. 26 DS 
os . Vath altyt soe eed Dec, > 2 6 


Filtered supplies—Concluded. 


237 Considerable 
42 Very slight 
92 Decided 

124 


Samples collected in 1897. 


Marked Marked 
None Distinct 
Clear Je 

“ “ce 
Distinct Slight 
Distinct Distinct 
None Slight 
Marked Marked 
Distinct Distinct 
Slight Slight 
Strong Marked 
Slight Distinct 

ss Slight 
Clear Very slight 
Marked Slight 


Very slight Very slight 


Strong Marked 
Slight Distinct 
Very slight Slight 

‘ . Very slight 
Marked Slight 


Odor 


Earthy 
Faint vegetative 
Vegetative 


Sour musty 
“ce “ 


“ “ 


Offensive 
Mouldy 


Faint musty 
Musty 

None 

Slight musty 
Very slight, earthy 
Musty 


Faint musty 
Musty 

Very slight musty 
Musty 


“ 


“ 


‘The significance of the letters used in the turbidity column of the Ohio River results is as 
follows: Turbidity obtained by diluting river water with clear water, c = ratio of 1 volume of 


river water to 3 volumes of clear water; d = 1 to 4; 
The letter u in a column means u 


Twa tomlos 
standard. 


e= 1to5;f=1to6;h = 1to8;1 = 1to 12; 
ndetermined. Turbidities are in terms of silica 
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SURFACE WATERS OF OHIO—Continued 


Nitrate Carbonate or Non-carbonate 


lorj ‘ . . 
(NOs). Tan teas hardness (CaCOs)harddess (CaCOs) haracees ee 
Trace 935 373 34. fail 526 
a 1575 49. se 101, 178 
None 12.3 41, Se 3 165 
vo 12.4 42. 40. 82. 290 
0.3 4.0 170 26 196 B55 
0.0 GPS 230 50 280 440 
0.0 13.8 278 42 320 525 
0.1 Ls 248 112 360 625 
cies ee 102 115 27, 372 
2.8 8.3 206 69 275 463 
30 50.5 Pe ec ee os ceeds 805 
Gt 43.5 Cie C)s.: be ih. Sy le a ne Sr aia Ree | acca sa 8 1080 
0.0 67.5 Bhd se Ce EE ag Sek CCR find Me Dinos thee bell Ba A 950 
Ome 58.0 336. 126 462 825 
EEOE 34.0 158. 2 55n 413 703 
2.8 50.7 262. 190. 452 873 
O25 SS 204 16 220 355 
OS 250 164 Jey 186 350 
0.1 2 202 44 246 385 
0.0 2.0 202 66 268 435 
Trace 3:0 226 120 346 550 
ou ay jie) 120 96 216 376 
8 DES 186 61 247 408 
O29 4,7 202. 28. 230. 355 
2.8 4.0 L523 30. 182. 330 
0.8 th 206 2). 268. 405 
O25 Toes 236. 80. 316. 515 
0.4 Sh Ss 260. 142, 402. 710 
15.9 3.3 122. 102. 224, 374 
3:26 14.5 196. 74. Zils 448 


206. INDUSTRIAL WATER SUPPLIES OF OHIO 
TABLE XIX 
Descriptions and Chemical Analyses (parts per million) 


Locality of Sample Date Color Turbidity Sediment 
collected 


Odor 


OLENTANGY RIVER—Continued 


Olentangy Park. alove....... july 16, 13") Distinct Marked 
ms . Soba tic ots Aug. 24 .25 Slight Slight 
“ ie Set lhe mrne Sept2one 3 Distinct Marked 
ee ¥ aah PIN DO Octae 2 Iman az “ Distinct 
a ie SUES oer vets Dees 3 75) Veryamarked i 
Average ...... Sesh fi Ser LO oT 
Columbus, Dublin Bridge.... June 13 .2 Shight Decided 
ss “ Satie alivly lies not =e VEarked Marked 
a s es Aug. 23 2 None Slight 
a se CAMBER SIS Chine Pc Tense be Distinct 
Gy H te aeiee Cty ea anem OSD ht Slight 
Si oS ad ~ Dec. -3enlL.05) ’Miarked Distinct 
VENS GSE AS 2 AE NER Ph Bs a ae Pn, hares 


OTTAWA RIVER. Samples collected in 1898. 


[ciimaeabovestOwn vee emia cil: July 21 .1  # Very slight Very slight 
ce w EOF IS eee ad et ae ae Aug. 24 .15 None “ &f 
ad Coe Waa SOK Ba, Sept.26 .45 Decided Slight 
eo a hese Tee ees Oct. 24 .45 Slight Very slight 
ae + DCPS Na CONIRY Aeon NovadGne 2 Distinct Considerable 
PASVICTIA PCR metaront icciae,« Guckebek eh Paes oriats 29 
Dima, below town ..s+...)+... July 21 3.50 Decided Much 
Hs s ere Lae moore ae Aug. 24 4.00 es se 
0G es ER NR Ta en ae Sept. 26° .8 s 3s 
ss #i AS ak oa sedeta tay atone Nov. 16 .32 Distinct Considerable 
FAV CLAD CORI fe ois tet Aca Ge heron PWS 


ST. JOSEPH RIVER. Samples collected in 1898. 


Ft. Wayne, above town...... Aug. 23.25. Very slight Very slight 

6c “ “ce Pea em «eae Sept. Ohi, > 25 “ec “ “ (T3 

(f es oe Ue ees ee Oct. 25. .55 Distinct Slight 

<s a ne “~....  Nowdé .4 Decided Considerable 
PAW CLAC OM crccsteun indo Mote Meena BP eee . 36 


ST. MARYS RIVER. Samples collected in 1898. 


Ft. Wayne, above town...... July) 22 None Very slight 
id ee ad CAE 9 te Aug. 23 PS; eS None 

sé e¢ se of. Sao Ware os Sept. 27 .4 Distinct Slight 

ss e & Se er a (Octie2 Saree a Very Slight 
ue a 3 Barer ba Nov. 16 .26 Decided Considerable 


Shghtly earthy 
None 

Faint earthy 
Slight ‘ 


“ce 


Slight earthy 
Very faint 
Sour musty 
Slight musty 
Sour musty 
Slight earthy 


Slight musty 


“ “ 


None 
“ 


Faint only | 


Foul, oily 
Foul 


“ 


Oily 


None 
“cc 


Woody 
(<3 


me 
0.2 
0.0 
0.5 
ek 
4.9 


pds Windy eer 


wrtooore 


oo 


OAN RUN 


Chloride 


Ton ( 


— 
mmn our 
woonNnnoeo 


mW wmWMmw& U1 
NOT bh Ww MN 


29.6 
24.3 
119.8 
2.4 
Wee 
42.6 


183.2 
196.7 
300.2 

35.0 
178.8 


SSS 
Anonwnn 


34.5 
104.5 
76.6 
96.4 
34.5 
69.3 


| CHEMICAL ANALYSE 


temporary 
hardness (CaCOs) 


MOANA WH 


SOnSO 


RN ONO 


OnrNONN 


SURFACE WATERS OF OHIO—Continued 


Toral 
hardness 


228. 
280. 
338. 
348. 
224. 
284. 

250. 
210. 
266. 
302. 
330. 
228. 
264. 


345. 


WIR AORN 


mR ORO 


Nr OW 


Total 
solids 


390 
450 
555 
620 
404 
484 — 


415. 
360 
440 


By 
= See 
387. 


452 


642 
590 
828 


SO25ir 2 


SH! 
565 


1265 
1121 
1224 

457 
1017 


362 
335 
433 
S17 
376 


835 
716 
589 
580 
420 
628 


208 INDUSTRIAL WATER SUPPLIES OF OHIO 


TABLE XIX 


Descriptions and Chemical Analyses (parts per million) 


Locality of Sample Date Color Turbidity 


collected 


SANDUSKY RIVER. 


Crestline, above town........ Oct 10) 255 Distinet 
ee “ sin Aran Nov. 9 .40 Decided 
PAWELAD EI mtr ih cs ceca triacetate a sae Ree SZ 
Crestline, below town........ July 14 1.00 Distinct 
cs i es SE Tee Aug. 9 . 40 ve 
oe ee Oa Aga w. toae ste Sept. 19 .60 Decided 
a a Sa eee Oct 10599530. Distinct 
“ e EY Ee ea Nov. 9 .60 Decided 
IAVETAZE RS voc seeds TSA le AAO Oe here 58 
Crestline, below town........ July 14 LO ee ee 
Bucyrus, above town......... July 14 10 Slight 
€ i Sal Rta, Sys Aug. 9 3. Distinet 
‘s st SRY et inelon oer Sept. 19 25 Slight 
e # Ore aie een Oct. 10 42 Distinct 
se wy OR Le NT oe Nov. 10 50 Decided 
EATEN C08 WPAN SORE ns ae tee 31 
Bucyrus, below town......... July 14 2.00 Decided 
ee S i ans Sy Ra Aug. 9 3. - Distinct 
es Bs are Me Sept. 19 3. Slight 
“ & SERNA Oa: Oct. 10 45 Distinct 
oe me aid rhe Sis A ‘Noy. 10 5 Decided 
PAW .ELASES 25:0 So ee ake elie Ter s 7a 
Upper Sandusky, above town. July 14 .0 Slight 
“ “ “ a = Aug. 9 as “ 
S ce A ese pts 19 25. Very slight 
ce ie “¢ « Oct. 10 42 Distinct 
f “ et e Nov. 9 45 Decided 
PNY CLADE erro evucs saul eiay ethene oe 25 
Upper Sandusky, below town! July 14 .1 Slight 
““ “« « ““ Aug. 9 18 “ 
33 ee se ee Sept. 19 35 Very slight 
sr rf 2 f Oct. 10 4 Distinct 
AY “s Gs i= Noes 9 45 Decided 
AE ACES crs ay ins lo, soars MIL aE Re a 30 


‘Sample not taken below all local sewage pollution. 


Sediment 


Samples collected in 1898. 


Very slight 
Considerable 


Considerable 
(73 


“ 
“cc 


“ 


Considerable 


Much 
Slight 
Considerable 
Slight 
Considerable 


Slight 


“cc 


ce 


Considerable 


Slight 


“ 
“ec 


“ce 


Considerable 


Odor 


Very musty 
Foul 
Foul, earthy 


Slight musty 


None 

Faint musty 
None 

Faint musty 
Earthy 


Very foul 
Very offensive. 
Sour 

Musty 

Earthy 


Musty 
Offensive 
Musty 

“ 


Earthy 


\ 
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SURFACE WATERS OF OHIO—Continued 


eee eka. ta Carbonare or Non-carbonate 
(NOs) Ton (Cl) hardness (CaCOs) hardness (CaCOs) Pek et woltds 
84 8.6 183.1 46.4 22925 478 
1.46 i Ta 39.0 11.4 50.4 332 
vals 4.9 111.0 28.9 139.9 405 
35.10 198.8 308.4 Tel SlGe 877 
1.02 63.5 225.4 128.2 S536 748 
27.50 24.3 15252 93.5 245.7 623 
13,04 83.1 327:8 35.6 363.4 675 
2.03 7.4 63.9 2704 91.3 625 
15.08 75.4 215-5 58.5 274.0 710 
1.42 1237 146.4 SLe7 198.1 467 
Be it5 11.8 172.4 10.4 182.8 402 
0.27 AT 11378 82.0 195.8 BU 
1.02 16.2 150.9 42.4 19373 384 
0.80 12.0 L724 28.4 200.5 326 
1.86 Sez 60.0 None 60.0 491 
1,02 1333 133.8 6276 166.4 395 
(ey! 63.2 ITD 160.0 S3iba6 580 
0.71 24.2 137.4 53.4 190.8 aie 
$33 14.2 169.0 oe: 204. 3 379 
5.90 16.4 176.6 42.6 219.2 568 
1.46 4.5 55.55 None SSE 348 
4.30 24.5 142.0 58.3 200. 3 450 
1.24 tp ees 133;; 4 124.2 257.6 528 
0.22 24.6 144.4 83.6 228.0 419 
0.97 4.0 138.2 71,8 210.0 429 
0235 16.6 158.6 64.4 223.0 367 
1.28 Goi, Zk 1 38.4 159.5 321 
0.84 287. 139-4 G5 21586 413 
1,42 13.8 ey 134.7 289.9 777 
0.66 28.4 147.6 88.8 236.4 501 
eit 10.1 » out Us) 99.5 251.3 482 
1.06 12.8 174.7 55.4 230.1 423 
1.20 hel 113.5 35.0 148.5 310 
Peet 14.4 148.6 82.7 PWS: 499 


210 INDUSTRIAL WATER SUPPLIES OF OHIO 


‘ 


AVAUS exe 


Descriptions and Chemical Analyses (parts per million) 


Locality of Sample Date Color Turbidity Sediment Odor 
collected 
SANDUSKY RIVER—Concluded. 
Tiffin, above town..... peat tohs ulven lS ee eeSitehe Shght Peculiar 
ds ee it hes Und Rane he Aug. 10 .55 Decided oe Woody 
oH H ll 2 Bg eee Sept. 20 .35 Very slight ae “ 
“ &“ iy Ce ie a ery Oct. 11 .25 Distinct » - 
Sd os CUTE See ae om Boe Nov. 9 .5 Decided Considerable Earthy 
J SAGER So AIO.) IR EAS a IRE ee ern ns 508 
Biting below: tow ney waeeen see Alyy ley Shgehat2 Slight Bad, musty 
“ “ cs AN, ate ie Aug 10 .65 Decided “ce Sour 
a3 ce Se et ee nee Sept.20 .35 Very slight re Sweetish 
“« « Ui PN oe ee etae Oct. 11 .3 Distinct ee Musty 
os as Siperlernyae tie Nov. 9 §.5 Decided Considerable Earthy 
“NN AGTPEN ETS en Ae RE Ay SE eS A 4 
Fremont, above town......... wih US ls Shela Shght None 
3 ss Ee Oa a ae Aug. 10 .55 Distinct es Shght musty 
< ae hE BORER, Oe Sept.20 .4 Slight = “ “ 
Ss ss Sn se RS On 12 (28 Gs ee ef se 
ng iS Pius heme Noy. 11 .47 Decided Considerable Earthy 
ASTOGURS, SER eE BeR ORR Aa Oe ae een es ol 
Fremont, below town......... July 15 Slight Shght Faint musty 
e ee OR ee Aug. 10 55 Distinct oe Musty 
se ee GAN Se So ed oe Sept.20 .4 Very slight Very slight Faint musty 
ss ORE cette Oct aes | Distinct Shght ue ee 
“ os SRN ih eda Pres Nov. ll 47 Decided Considerable Earthy 
INS SRCENRS Sahat tr Aa Oe a Rtn aie oie eh ale . 38 
AIC US kyaCEI Dinah aera eee July 16 .05 Very slight Very slight Woody 
ee BL fA AY Ge Xorg, i A Site ve se None 
g Ey de Seas Ae art me oe Sept.21 .1 None Trace x 
ee eget 8 Gas Sie aR oes Octal 2a wolicne Shght bY 
a URNA hone eae Noy. 10 .05 Very slight sf as 
Netra erids, tar es soc g or poe cee State .08 
SCIOTO RIVER. Samples collected in 1897. 
Kenton, above town.......... June 12. .4 ~~ “Very slight Marked None 
sf Co OR ean ee ee July 16 .4 Distinct ss Earthy 
. os 1 RO Sar Aug. 25 .2 Marked Distinct None 
= a Bc) eae seme er Sept.25 .4 Distinct Slight Slight earthy 
A #f CBee Rowen bod Octie23 33 es “y Sour musty 
= i STORE Cae PENS Oe Dec. 1 .5 #£Marked x Musty 
INGE Ae en TRA, Are renters 2k mK 
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SURFACE WATERS OF OH1O—Continued 


UnNDUNS 


| ee icctas Carbonate or Non-carbonate . 
(NOs) d Ton (ch) Savduens (CxCG0 . hardncer (CaCOs) es ee aoe 
bat 103.5 170.4 2oN5 DOOw) 732 
0.27 15.2 71.6 56.4 128.0 340 
0.84 32.8 160.6 86.8 247.4 495 
0.66 150.1 186.6 76.2 262.8 734 
1.02 20; 3 126.8 24.0 150.8 461 
0.80 64.4 143.2 61.9 Zien 548 
1.64 99.8 Nef? Doe? 272.4 677 
0.49 7M ke 80.8 106.8 187.6 331 
0.62 38.3 159.8 9.8 250.6 451 
1.06 147.5 183.5 85.2 268.7 667 
1.02 10.5 143.6 27.6 WA 22 437 
0:97 63.5 148.2 82.1 230/33 513 
0.88 O92. 125.0 20.2 145.2 595 
0.27 53.6 92.0 41.6 133.6 493 
0.71 S31 126.4 61.2 187.6 468 
1.64 60.1 ied Bab 69.2 260.3 479 
teit 15.4 134.6 36.4 TNO 601 
0.93 Ses 133.8 45.7 IVES 527 
1.60 102.5 133.2 26.1 i593 SHE 
0.30 61.0 100.2 M22 212.4 410 
0.70 a7. 12522 76.9 ZOD 414 
2.00 64.5 191.5 55.4 246.9 368 
1.00 Hate 148.0 B85)..0) 183.0 522 
P10 575 1391.6 611 200.7 458 
0.40 0.8 89.8 47.5 13:73 232 
0.30 13.6 95.4 45.8 141.2 265 
0.20 SY 100.6 S(Sav 136.8 221 
0.20 MeeZ 105.8 36.6 142.4 264 
0.50 wi 106.8 36.0 142.8 206 
0.40 es) OO. 40.4 140.1 238 
6.6 2.0 21.0 226 43.6 73 
eg 1.0 PDN MA Sy sans » bak 80 
0.0 2:5 23.4 130 36.4 62 
0.0 S28 226 LOL P 34.8 67 
0.0 353 2502 Ue 36.4 60 
41.6 hee) 10.4 tO) 61.4 107 
8.4 Ls BAOK 183. ays fol 752 
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TABLE XIX 
Descriptions and Chemical Analyses (parts per million) 
Locality of Sample anes , Color Turbidity Sediment 
collecte od 
SCIOTO RIVER—Continued. 
’ Kenton, below town.......... June 12.45 Very slight Slight 
uw s oY alae ks Recon Ae julyelon es Distine: Marked 
“ 4 ee ee eee Nite, PE a? ee “ 
4s 4s Sed SRR Me eho Sept.25 .35 Slight Distinct 
33 Gs HOE? pee aeer Oct a23n Gee Clear Marked 
se ‘s ees ee ee Weew elve 5) = Distinct Slight 
PA ram cme tertierets Ge sueneke tote zuonase sere oldie ake 
Girls’ Industrial Home, above Oct. 7 .15 Clear Slight 
‘6 $ « ar Ole, YG (25 Shane e 
“ GS ee See ecwmae) 5 Marked * 
Ay Cha Slew. sities vestey= 1 hers cede eile eens: 
Girls Industrial Home, below Oct. 7 .15 Clear Slight 
“ cs ss ESS Octa26n a25 oF Very slight 
“3 as se cS" Oct. 4-26, 7.20 “s * ce 
“e ae oe S -Decw2s 259 oMarked Slight 
“ce (T3 (73 (73 Dec D . 4 cc é 
ENSHOIO LOAF i APR PORE RE RRR OE 
Wyandotte Grove............ June 13 2 Slight Marked 
ee tie St ere eee July 17 3. Marked a 
o ceo, See ol eawtone Aug. 23 2 slight Slight 
cs Lee Ae Se na Sept. 23 15 Very slight Distinct 
us See ee Pack thoes Octaas 2 Distinct Slight 
“ Be a adhe cette Dees 5 Marked Distinct 
ANG ORAISG TEE eC Ee eee toes I TITS 
onesae Dam: -becwe senses eer: June 13.2 Sight Marked 
as CEE ratte ONL ie cairn. § July .3 Marked << 
43 Rn Coy he eae ee Oe Atte. 23) 52) Slight Distinct 
ss Te raed Ce ne wg Ae te 8 Sept. 2 2 Very slight Slight 
ee Peg FEM Mii 5 SSeS! Oct 2 ee Distitrce es 
ts CR ME Ea pr Rion ooo Dect  eeen Vlanked Distinct 
BAGEL AID ee carci whieh ss) 61s.) ction oan eee eee 
Columbus, Sandusky St. Brdg. June 13 .2 ~~ Distinct Distinct 
8 $$ ce 2) uly elise omeee \anked Marked 
ss es = 2 Aug 23" {2 y Very slight Slight 
s é DENS Cp tae Oammaene te af Distinct 
“ “ “ “ Ocn. 21 ils “ “ Slight 
# a oes sDecii on NViarked Distinet 


. Odor 


Slight 
Offensive 
“ce 


Oily 


Slight offensive 
Marked musty 


Very faint musty 


Slight musty 
Earthy 


Faint musty 
Slight musty 
Slight musty 
Earthy 


Slight musty . 


Trace sweet 
Very faint 
None 

Slight earthy 
Earthy 
Slight earthy 


None 

Trace 

Slight sour 
Slight earthy 
Earthy 
Slight earthy 


None 

Faint musty 
Sour musty 

Slight musty 


sour 


Slight offensive 


Slight earthy 


, F) 7 
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SURFACE WATERS OF OHIO—Continued 


Presets eek Carbonate or Non-carbonate J “ 
(NOs) Ion (CL) hardnese (CaCOs) hardness (CaCOs) i a an 
fe +.0 214. 228. 442, 710 
0.0 4.5 32. ‘ne ig 720 
0.0 6.5 232. 118. 350); 605 
0.0 Ta:5 238. 114. 3527 645 
0.0 18.0 258 114 372. 650 
41.6 2.0 118. 466, 584. 975 
8.0 w39 182. 173h B55e 718 
0.0 8.7 170. 1e2- 282. 485 
0.0 52 210. 108. 318. 530 
23.45 2.0 144. 148. 292. 512 
0.8 6.6 Why 1250 298. 509 
Trace 10.3 170. 228 292. 500 
None . 10.0 210. 140; 320. 525 
None WEE 210. 15 323. 525 
28.3 1.5 138. 148. 286. 492 
26.6 1c7 140. 142. 282. 501 
fe F Os) 173" 126. 299% 507 
LS 4.0 194. 52 246. 445 
0.7 5.5 182. 94. 276. 500 
0.1 3.8 ae 88. 260. 440 
0.1 7.8 176. 126 302. 550 
p27 Dok 260. 140, 340. 585 
27.9 5 146. 132 278. 467 
4.9 +0 178. 105, 283. 498 
5 4.5 194. 48. 242. 455 
0.9 3.8 184. 104. ‘ 288. 510 
0.4 4.1 178. 80. 258 450 
0.0 he 176 116, L924 510 
0.2 7.4 197; 124. 316. 545 
28.8 Loy 140. 136, 276. 464 
yoo 4.8 17 7% 101. 278, 489 
1.4 7.0 190. 62. 2525 480 
ee 4.0 184. 93, 276. 480 
0.3 10n1: 180. 18. 258, , 445 
0.0 aie stay 106 258. 460 
0.2 8.7 158. 98. 256 525 
25H 2es 144. 136. 280. 474 
4.9 ieee 168. Ob 269). 477 
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INDUSTRIAL WATER SUPPLIES OF OHIO 


TABLE XIX 


Descriptions and Chemical Analyses (parts per million) 


Locality of Sample 


Date 


collected 


Color 


Turbidity 


Sediment 


SCIOTO RIVER—Concluded. 


11 
17 


Rel 
oe 
Be al 


Columbus, Frank Rd. Bridge. June 

& “ “ th aialy, 

cc é G 4 : Aug 

“ce “cc “ce “ ? Sept 

(c3 (73 “ee (73 i Oct 

“cc “ “ce ““ Z Dec 
INCE AD Cove erate che at tee ore ne oaths onde Rican e 
SiiadevillesBridge ance ae ae: July 

“ dele clo sean Bie Aug 

ca i ete eters Sept 

e Be WS ass oR Oct 

cs Ct Pa ber erere Ae, Dec 
ANS TEOCR AS 5 Sater Caer AIT SIO SER REL ere 
Circleville, above Darby Creek June 
Circleville, Main St. Bridge.. July 

& “ “ «|. Aug 

“ “ 6 “ Sept 

oe “ee ce “cc : Oct. 

(73 “ee (73 ce c Dec 
PACER AE Case Ae aa cera re 
Circleville, below town........ June 
Ghillreothes sabover wise ses eee. June 


Marion, above town 
(73 


“cc (73 3 
it 6é (79 
“ “ “ 


& (13 “ce 


er er 


a eC a ary 


See eee nee 


PAWICLAR C's, ies eee aia) cs nee AOk eae Ro 


Marion, below town 


(13 6e (74 
(73 6c (74 
“ee “ (v3 
““ “ ce 
“cs ce “ 


oc BiN0) 0 enKele 


Dec. 


EAWVEL a City eich PR Le Gre SRT ages ie 


Peres PES LS 


Me DR OH WwW 


sil 


LD 


Slight 
Distinct 
Very slight 
Distinct 
Very marked 
Marked 


Very slight 


Clear 


Very turbid 
Slight 


“cc 


Distinct 


Marked 


Clear 


None 


Slight 

Very marked 
Distinct 
Marked 


cc 


Marked 
Slight 

Marked 
Distinct 


<4 
Decided 
Heavy 
Distinct 
Slight 
(<4 


“ 


Decided 


Marked 


Samples collected in 1897. 


Marked 
“ 


Distinct 
Very slight 
Slight 
Marked 


Distinct 
Marked 
Clear 
Slight 
Clear 
Marked 


Distinct 
Marked 
Distinct 
Slight 
Distinct 
Slight 


Marked 
“ce 
Yt ae 
Slight 


Marked 
Slight 


Odor 


Offensive 
Offensive oily 
Offensive 
Offensive musty 
Very offensive 


Oily 


Slight earthy 
Slight sour 
Slight offensive 
Offensive 
Musty 


None 


Slight earthy 
Shght earthy 
Shght musty 
Musty 


Slight sweet 


Musty 


Faint musty 
Slight 

Slight musty 
Slight sour 
Musty 


ee 


Faint musty 
Sour musty 
Sour 

Sour musty 
Offensive 
Musty 
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SURFACE WATERS OF OHIO—Continued 


Nitrate Carbonate or Non-carbonate 


Tor Chloride temporary or permanent Total Total 
(NQs) Ton (Cl) hardness (CaCOs) hardness (CaCQsa) hardness solids 
0.1 16.0 238. 86. 324. 495 
0.0 13.0 182. 84. 266. 440 
0.0 Oe 256. 94, 350. 520 
0.0 39.0 330. 112 442. 680, 
0.0 41.5 346. OR. 438, 765 
19¢5 6.0 160 134 294, 472 
33 22.7 252. 100. Se 562 
0.9 14.5 226. 66. DIS) 470 
Rae 16.8 242. 70. Sa 475 
Q.0 28.5 314. 68. 3825 560 
0.0 a1.5 356" ioe 408. 605 
23.9 5a 12. 1G = 268. 438 
5<3 19.3 258, 7+. 3827 510 
1 6.5 244 8 ESD 395 
4.9 Le 114. 54, 168. 285 
0.7 55 228. yA0 248. 395 
Trace Li eat f 242 28. Die 400 
0.5 ew 282. 28. 310. 435 
12.0 ONS 144. 76. 220. 393. 
3.6 6.5 202% 41. 243. 382 
§ 6.5 240. 30 270. 405 
2.0 4.5 246. 24 270. 390 
ToS ee a2. 56. 258. 430 
1-6 1.0 180. 44. 224. 430 
0.0 L3 204. 58. 262. 470 
0.6 1625 258. 106. 364. 570 
0.0 8.7 284. 68. Epo, 545 
30.1 1.0 94. 118, 2172. 367 
yee See 204. 7D BD. 469 
i bees, 6.5 208. 46. 254, 485 
5 10.3 198. 54: 250; 485 
0.1 25.5 276. 88, 364. 645 
0.0 35.0 280. 122. 402. 675 
0.0 19.5 308. 94. 402. 640 
31.0 hoes) 118. 108. WAS. 392 
58 16.5 tok. 85. SG: 553 
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TABLE XIX 


Descriptions and Chemical Analyses (parts per million) 


Locality of Sample Date 
collected 


BIG STILLWATER CREEK. 


Uhrichsville and Dennison, 


ADOVENt OW Mite saat. vateacne veterans May 6 
ce “ce “ae May Bid 
“cc “cc (73 June 29 
“ca ce “cc July 20 
“ “ cc Aug. 19 
“ “ i<3 Sept 20 
“cc “ee “ Oct. 10 
“e ce v3 Nov 14 
PAWEL AIO CMe ss Sraveiars, syeheVors) 0 sud makers! eleanor’ 
Uhrichsville and Dennison, 
[NOR GOMeswounoanaseacec May 6 
“e , “ se May 3] 
“ce “ce (<4 June 29 
“cc ce “cc July 20 
6c oe “ce Aug. 19 
66 66 “e Sept 20 
(73 ¢¢ (<3 Oct. 10 
ce “ee ce Nov 14 
PAWEL AG CRIN ARS eA aa osher seb orton 


TUSCARAWAS RIVER.* 


Massillon, above town........ May 5 
Mg fe SER Chee era May 30 
ss 6 i Pen ee June 28 
s eS Lah SMA a July 19 
ce sf SPR EC a eee aee Aug. 18 
os ee SEA See Cae Sept. 19 
a6 ss SEIS AG cea Oct ul 
Cs a ates Aes Nov. 15 
UNCIELAL Cristea \sienavade aigeals REMI no a Eee 
Massillon, below town........ May 5 
ne S Seine gence May 30 
a 2 SBE arene June 28 
es 4 vig a ha July 19 
‘s % BS Pee ait Aug. 18 
c es SEEN Se ee Sept. 19 
- 2 as a Sa Oct. 11 
id # BER AG asco rye Nov. 15 
UNV CLAGER co Metis chnlexe The Gintoh ee Sakon ae 


Color 


29 


Turbidity 


Samples collected in 1899. 


Sediment Odor 
Slight None 
Considerable Musty 
se Faint musty 
Much Earthy, vegetative 
Slight Old tea 
cf Earthy 
Very slight None 
Slight Faint sour 
Slight None 
Considerable Musty 
« Earthy 
Much Earthy, vegetative 
Slight a a 
Considerable Musty 
Slight Sour 


Samples collected in 1899. 


071 
. 66 
eit 


i 


Slight 
Considerable 
Very slight 
“ “ 
“ ce 
Slight 
Very slight 
Slight 
Slight 
Considerable 
(v9 
Slight 
“cc 
Considerable , 
(<3 
Slight 


Faint musty 


Faint earthy 
Earthy 
Faint vegetative 
Vegetative 

“ec 
Faint musty 
Slight vegetative 
Vegetative 


Musty 
Earthy 
Strong musty 
Mouldy 
Strong musty 
Musty 

“ee 


Vegetative and 
faint musty 


1Stream was so shallow at the point of measurement that the turbidity rod rested on the bottom 


with the wire still visible. 


at 
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; SURFACE WATERS OF OHIO—Continued 


Nitrate ptee Carbonate or Non-carbonate 
on oride temporary or permanent Total Total 
(NO Ton (Cl) hardness (CaCQs) hardness (CaCQs) hardness solids 


; 4 


0.1 Zee 112.0 None 112.0 Pay 
0.5 Le 47.1 36.4 83.5 FSD 
0.5 3.8 98.4 14.0 112.4 324 
0.2 1.4 92.0 oie 97.2 386 
0.3 4.0 125.0 29.0 154.0 235 
0.4 5.8 163.8 6.4 170.2 274 
Hr) Sci 140.6 222 162.8 249 
0.2 4.4 134.2 29.4 163.6 278 
0.3 4.5 i Sew 17.8 131.9 344 
Trace Re} 5 a2 22.4 AVES 278 
4.0 7.4 40.4 Gas 46.7 753 
0.7 6.6 59.5 26.6 86.1 332 
0.3 2 93.0 55.8 148.8 316 
0.2 5.6 114.2 219.4 133.6 231 
0.3 12.8 de? 98.2 209.4 378 
0.2 12.4 160.4 42.4 202.8 318 
0.2 Paz 116.6 50.2 166.8 399 
0.7 7A 98.8 40.2 139.0 376 
0.2 60.7 130.6 B07, lias 440 
0.8 28.0 72.9 3.4 1653 425 
0.1 126.0 150.5 6.6 Saat 574 
0.4 160.3 We 94.0 DUD 629 
0.0 76.8 154.8 74.4 22902 365 
0.0 194.1 154.4 TIS. 6 269.4 687 
Trace Ti23 160.0 62.6 222.6 482 
G35 99.2 143.4 (MMS: BPAY 505 
0.3 102.8 136.8 58.8 195.6 513 
OGE ADD 136.6 43.0 179.6 356 
0.8 2325 70.5 ae L002 395 
0.5 81.5 162.4 5.8 168.2 455 
Gos 137.6 148.8 56.8 205.6 609 
C.C 43.0 178.6 39.8 218.4 1388 
0.4 104.5 173.6 43.6 ANG! 608 
0.3 48 3 187.4 36.4 223.8 447 
0:9 45.9 163.2 37.4 200.6 440 
0.4 64.5 152.6 yp) ales 186.2 587 


Canal Dover, above town..... 


eae May 


New Philadelphia, below town. 


“ 


Coshocton, above town 


Coshocton, above town 


“cc 


“ 


ce 
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Locality of Sample 
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Date 


collected 


Color 


TABLE RXSEX 


Turbidity 


Descriptions and Chemical Analyses (parts per million) 


Sediment 


Odor 


“ 


“cr 


“ 


“cc 


ce 


“ce 


WALHONDING RIVER. 


“cc 


TUSCARAWAS RIVER—Concluded. 


ese rere 


Sole se ican 


ee eens 


Docent Od 


CC Tr 2) 


CC rc eT 


155 
30 
24 
oes 
2 
~29 
nis 
mpl 
mz 


Pak 
28 
mal) 


Shght 
Considerable 
Shght 

“ 
Considerable 
Slight 

“ee 
Slight 
Considerable 
Slight 

“ 

“ec 
Considerable 
Slight 

“ 

Slight 

Considerable 

Slight 

Very slight 
(i? (73 


Samples collected in 1899. 


Slight 


(T3 


Considerable 


Shght 
Considerable 
Slight 

Very slight 


Faint earthy 

eS htSky: 
Earthy 

ce 
Faint, musty 
Vegetative, earthy 
Faint sour 
Musty 


Faint earthy 
Faint musty 
Earthy 

Earthy, vegetative 
Faint musty 
Vegetative, earthy 
None 

Faint musty 


None 
ce 
Faint vegetative 
Faint tea 
Faint sour 
Earthy 
Old tea 
Earthy 


None 
ce 
Earthy 
Faint vegetative 
Faint sour 
Earthy 
Faint sour 
Slightly vegetative 
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Ton (Cl) hardness (CaCOs) 
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tw 
Ne} 
bh OP OO we 
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ee 
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ONAAWDON WAND 


wn 


Non-carbonate 
or permanent 
hardness (CaCQs) 


BoP WwW PY 
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=n 
cs 
nS 
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hardness 


i) 

ioe) 
‘ Swe : 
ADBODANRUON 


a 
oe) 
w 
Sop PN OR NO 


Toral 
solids 
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Locality of Sample Date Color Turbidity Sediment Odor 
collected 
WILLS CREEK. Samples collected in 1899. 
Cambridge, above town....... April 29.05 ase Slight None 
“e sé TUS ehcne es May 24 .25 47 Considerable Earthy 
“ « COM NRE eee es June 22 a elo) es Vegetative, earthy 
‘“ “ ioe a July 24 30 45 Si Faint, earthy 
“ “ GS Siesta BBs IN DO 1s w2 Slight Vegetative 
“ ss SORE es Ss ed Neots ZO — soil) 55 Considerable Slight vegetative, 
sour 
sf MG Biker Petcare Octie lon 935 it <e Sour 
0S Sc Stole Misdern 2 INova2aen 2) 5 ai Slight Earthy 
NS CTEERS Siok. Seca Pare Hie tet A a Be 23 ial 
Cambridge, below town....... April 29 15 18 Slight Faint musty 
se “ Ss abe Mays 24°" (322 oe Considerable Musty 
so So ee tee eect uner226 27 1240 us Faint musty 
# eS Se alee a July 24 .40 32 ke Earthy 
us cf Slee tae Aug. 29 15 30 b Sour 
sd eS 33) pees here Sept. 26 25 as se Woody 
ee oe SiS carieerays Ocew16e 130 11 Slight Sour, musty. 
oe # i ARO Bee INovarclae ael'Ss 0 25 Very slight Earthy 
INV SEG Capac cepa eRe Oe Dee .24 so 
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TABLE XIX 


Descriptions and Chemical Analyses (parts per million) 
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Total 


hardness 


o25 9 
186.0 
84.6 
138.6 


P1262 


193.4 


192.8 
202.4 
177.5 


178.2 
123.0 


107.4. 


158.2 
180.8 
163.4 
178.0 
176.0 
158.1 
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PART III 


THE CHEMICAE CHARACTER OF THE GROUND 
WATERS OF OHIO! 


The analyses of Part II] were made under the author’s direction 
in his laboratory at the Ohio State University. The collection of the 
samples of water and the actual details of the laboratory work were 
done by the assistant chemist at that time, Mr. C. R. DeLong, and it 
is a pleasure to record here the Survey’s appreciation of his faithful 
and efficient services. 


The analyses are mostly of ground waters though many surface 
supplies are included. In conformity with present day custom the 
results are given in parts per million of the constituent ions. (See 


Chapter II.) 


It has not been forgotten, however, that many of those who may 
use these results are of the older school, and accordingly the results 
are also given in grains per U. S. gallon, and in addition to the ionic 
form of statement, the total and the carbonate (temporary) and non- 
carbonate (permanent) hardness are also given. 


The descriptive matter accompanying the analytical results was 
obtained from the owner of the well or from the engineer who was using 
the water. No responsibility is assumed for the accuracy of the data 
about the wells nor for the accounts of the behavior of the water in 
boilers, etc. ‘These observations are likely to be inaccurate in many 
cases because they were made by untrained observers; nevertheless 
it was deemed worth while to record what was offered by those who 
were using the water. A general interpretation of any of the analyses 
can be obtained from a study of the earlier chapters of this Bulletin. 


‘Though this Bulletin is from the Geological Survey, it contains nothing concern- 
ing the geological features associated with the water supplies described. The reason 
for this omission lies in the fact that two rather extensive sources of information on 
these points are already at hand, namely: (1) “The Rock Waters and Flowing Wells 
of Ohio’, by Edward Orton, in the Report of the Ohio State Board of Health for 1898. 
This paper is part of an investigation made in 1897-1898 and published under the title 
“Preliminary Report of an Investigation of Rivers and Deep Ground Waters as Sources 
of Public Water Supplies.” (2) “The Underground Waters of Southwestern Ohio,” 
by M.L. Fuller and F. G. Clapp, with a ‘Discussion of the Chemical Character of 
the Waters,” by R. B. Dole. This is Water Supply Paper No. 259 of the United 


States Geological Survey. 


(222) 


223 


No great claim of accuracy is made for the analyses. Some of the 
determinations are admittedly approximations only, for example those 
of sodium and silica and also those of the nitrate ion, in many cases 
at least, because no correction for the presence of chlorides was applied. 
It would be expected, therefore, that Stabler’s test (55) would show many 
large errors of closure. A number of the analyses were tried by, the 
Stabler formula and withstood the test very well, but only a small 
percentage of the total number were so tested. The laboratory work 
was faithfully watched throughout the progress of the work and there- 
fore it is believed that a true picture of the Ohio ground waters is 
presented. 

In the tabulations of results the so-called carbonate or temporary 
hardness has been corrected for normal carbonates and hydroxides where 
such yalues appear. The true alkalinity of such waters is therefore 
the so-called carbonate hardness plus the normal carbonates and hy- 
droxides present. 

Determinations of alkaline carbonates were not always made but 
such situations are suggested by the fact that the carbonate hardness 
is larger than the total hardness. (See paragraph 165 in Part I for a 
discussion of this.) 


* 
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TABLE XX 


GROUND WATERS OF OHIO 


Descriptions and Chemical Analyses 


Total Total Carbonate Non- 
solids hardness, ortem- carbonate 
No. Description CaCOs _ porary or per- 
hardness, manent 
CaCO: hardness 
CaCOs 
AKRON 
Samples collected May 24-26, 1915. 
1 Quaker Oats Co., Howard and Mill Sts. 
Water from race from Blue Pond, Fritz, 
and Springfield Lakes. Used in conden- 
sers, for flushing and in boilers. Before} Pts. per mill. 266 172 145 27 
going into boiler water is filtered and 
passed through a closed heater. Caused] Grs. per gal. 1525 10.0 8.5 1.6 
much scale. After using graphite old 
scale loosened, boilers now reported 
practically clean. 
2 Wellman, Seaver & Morgan Co., Ira) Pts, per mill. 300 82 195 None 
Ave. Well, 135 ft., 4-inch casing, not 
an Revels. Grs. per gal. 17.5 4.8 11.4 
3 Same location as 2. Water from ao 
in swamp. Used in Erie City and B. & : 
W. water tube boilers. Use half bushel Pts. per mill. 406 177 130 47 
potatoes in boilers every three weeks. 
No boiler trouble now experienced. Had ra, penal, ae ee fee a4 
scale before using potatoes. } 
4 Firestone Tire & Rubber Co., S. Main) . ; 
St. Three drilled wells, 100 ft..in shale.{ Pts per mill. 710 , 372 - 192 180 
Pump 400 gal. per minute. Used for} Grs. per gal. 41.4 DW 1 10.5 
drinking. } 
5 Same location as 4. Water from Sum-] Pts. per mill. 366 170 132 38 
mit Lake. Softened by We-fu-go soft- 
ener. No boiler troubles. Grs. per gal. DAN es De!) Til: Dds 
6 Miller Rubber Co., S. High St. Three 
wells, dug, 26 ft., 8 ft. in diameter, : 
walled with brick. Give 500 gal. per| Pts: per mill. 692 437 255 182 
minute. Softened in American softener! Grs, per gal. 40.4 25.5 14.9 10.6 
with lime and soda ash. Water caused 
hard scale before softener was installed. | 
: Pts. per mill. 502 132 @) 132 
6A Water No. 6 above, after softening. (Seance 99.3 77 74 


Hydroxide 


/ 


1Normal carbonate = 122 pts. per mill. or 7.1 grs. per gal. 
= 30 pts. per mill. or 1.8 grs. per gal. 
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TABLE XX 


GROUND WATERS OF OHIO 


Mag- Cal- Sodium Iron, Bicar- Chloride Nitrate Sulfate Silica, Free No. 
nesium, cium, (Potas- Fe bonate ion, ion, ion, SiOz carbon 
Me Ca sium), ion cl NOs SO« dioxide, 
Na HCOs COs 
15 45 10 / Hae ans VA 12 10 14.8 20 14 it 


8.5 19 81 0.6 238 34 None Very 18 3 2 


eee tte 9 47° 0.04 13.8 + 20 pl: Lb eOrte 

a= 5 55 3.0 159 72 Lee 36 12 8 3 
yeeorsg © -5.5- --Oa8 8s, 64.2 00S 2.9 O70 Oe 

29 101 50 7.4 234 72 0.5 143 20 4 4 
1.7 Ge Peo bay as 19% kh e003 Beane 2 es 

12.2 48 52 Oy 161 70 ers 6 6 5 
SE ray wii Ok. 9,4 cal 006° 2240 0,355" 0535 

32 123 49 ht See 58 ake 18 14 6 
1.9 ees we) 169 Sa (008 OT 1 
oe 1 en | reat + 3.0 118 20 Nowe aes 
Soe Ss ee pee eee Aeiae OAS ing O-. 12 


8—G. 8S. 
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TABLE XX 
Total Total Carbonate Non- 
solids hardness, ortem- carbonate 
_ No. Description CaCOs porary or per- 
ardness, manent 
CaCOs hardness, 
aCOs 
AKRON—Continued 
7, Star Rubber Co., Switzer Ave. Drilled ; , 
well, 80 ft., 8-inch, in shale. Used in Pts. per mill. 764 450 227 223 
boilers with boiler compound but still Gurpetcal 4G 26.3 13.2 13.0 
have scale trouble. 
8 Akron Foundry Co., 526 Washington St. 
Spring, formerly at surface but now.| Pts. per, mill. 708 272 50 222 
8 ft. below as result of fill. Used in 
boiler with closed type feed water] Grs. per gal. 41.3 159 Jie?) 1729 
heater. No boiler trouble. : 
9 Goodrich Tire & Rubber Co., S. Main : 
St. Drilled well, 150 ft., 8-inch casing, | Pts. per mill. 748 337 82 255 
through gravel, sandstone, clay, and Gre peneat 43.6 19.7 4.8 14.9 
sand. Used for cooling. 
1¢ Same location as 9. Water from Ohio 
and Erie Canal. Used with Red Star | Pts. per mill. 356 162 127, 35 
boiler compound in Sterling water tube ¢ 
boilers. Hard scale formed before com-| Grs. per gal. 20.8 9.4 7.4 2.0 
pound was used. Scale now is soft. J 
11. Klages Coal & Ice Co., 557 S. High St. | Pts. per mill. 1056 680 335 345 
Dug well, 31 ft. in quicksand and gravel. } Grs. per gal. 6b Shad 19.6 Z0 al 
12 International Harvester Co., E. Center : 
St. Three wells, 100 feet, 6-in. casing, ts. per mill. 614 255 67 188 
to rock, jend in rock. Pump 25 gal. pet'| Gre per gal. 35.8) | 1419 3, mee 
minute. 
13 Goodyear Tire & Rubber Co., 
Market St. Water from race fed ie Pp . 
: : ll. 28 2 
Fritz and Springfield Lakes. Used in rennet . - i” oe 
Sterling water tube boilers with open| Grs. per gal. 16.8 10.0 8.2 ee) 
heater. Hard scale 5 in. thick forms 
in a month. 
14 Same location as 13, Well, 60 ft., 6-in..| Pts. per mill. 558 342 Wee 165 
casing, pumps 600 gal. per minute. 
Used for drinking. Grs. per gal. 3255) 19.9 10.3 9N6 
15 Renner Brewing Co., 279 Forge St.| Pts. per mill. 852 240 75 165 
Spring with cistern around ft. Used 
in brewing. rs. per gal.. 49.7 14.0 4.4 9.6 
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GROUND WATERS OF OHIO—Continued 
Mag- Cal- Sodium Tron, Bicar- Chloride Nitrate Sulfate Silica, Free No. 
nesium, cium, (Potas- Fe bonate ion, ion, ion, SiOz carbon 
M Ca sium), ion cl NOs SOu ioxide, 
Na HCOs CO2 
33 126 42 3.6 277 68 0.25 165 26 30 am 
3D 7.4 ye Ore To 4.0 0.02 9 15 1.8 
23. 71 58 0.5 61 96 50 106 22 52 8 
£3 4.1 3.4 0.03 i) 5.6 pA 6. hao 3.0 
28 89 76 is 100 106 19 186 22, 28 9 
1.6 aoe 4.4 0,29 5.9 6.2 Lay 10. i3 1.6 
12.2 45 51 156° 155 72 0.5 43 16 6 10 
0.71 2.6 3:0 0.09 2.0 4.2 0.03 2 0.93 OLS5 
45 198 107 Ie 409 2 720, “256 38 63 11 
2.6 t£25 6,2 O07. 2329. ~— 8.9 0.41 14 Deed Saif 
23 64 68 0.2 82 88 33 132 18 32 12 
153 = pa A 4.0 0.01 4.8 ya 1.9 i ill 1.9 
27 25 15 Lae 17 8 295 36 66 3 13 
1.6 eS 0.88 0.06 10.0 0.47 0.15 2 3.9 0.18 
24 97 25 0.6 216 34 4.5 140 34 24 14 
1.4 and 1 O04 1256 Za0 0.26 8 2.0 1.4 
ilfe 68 155 0.2 91 240 20. 105 60 21 15 
0699 4.0 9.0 0.01 5.4 14.0 12 6. Shes 1 ser 


No. 
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TABLE XX 


Description 


Total 
solids 


Total 


hardness, 
aCOs 


Carbonate 


Non- 


ortem- carbonate 


porary 
ardness, 


CaCOs 


jor per- 

manent 
hardness, 

aCOs 


Se te eee — eee 


16 


17 


18 


19 


20 


21 


22 


AKRON—Concluded 


Ohio Building, Main and Church Sts. 
Drilled well, 114 feet, 8-in. casing, in 
rock with shale at bottom. Used in 
boilers. 


The M. O’Neil Co., Main St. Drilled 
well, 111 ft., 8-in. casing, ending in 
sand. Pumps 50 gal. per minute. Used 
for drinking. 


ALLIANCE 
Samples collected Oct. 7-8, 1915. 


City Water Works, Walnut Ave. Water 
from Mahoning River treated with alum 
as coagulant and filtered through rapid 
sand filter. Used in boilers gives hard 
scale, but with Hawkeye boiler com- 
pound scale is kept soft. 


Same location as 18. Raw water from 
Mahoning River. 


Alliance Cold Storage & Packing Co., 
Prospect and Linden Sts. Drilled well, 
147 ft. Used in boilers with soda ash. 
Open feed water heater also used. Some 
scale still forms. 


Alliance Machine Co., Mahoning Ave. 
Drilled well, 309 ft., 6-in. casing to rock, 
Used for drinking. Behaves about like 
city water in boilers. 


Alliance Ice & Coal Co., S. Mahoning 
Ave. Drilled well, 250 ft., 4-in. casing 
to rock. Used in boilers. Forms very 
little scale. Open feed water heater re- 
moves considerable scale. 


2Normal carbonate = 15 pts. per mill. or 0.88 grs. per gal. 


Pts: 


Grs 
J 


Pes: 
Grs 


. per mill. 


. per gal. 


. per mill. 


. per gal. 


per mill. 


. per gal. 


. per mill. 


. per gal. 


. per mill. 


. per gal. 


. per mill. 


. per gal. 


. per gal. 


per mill. 


280 


16.3 


310 
18.1 


528 
30.8 


1042 


60.8 


630 


36.8 


437 
255 


460 
26.8 


196 


204 


6.6 


112 


127 


400? 
23.03 


84 


A 


Tae 
4.5 


16 
0.93 


None 


None 
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GROUND WATERS OF OH1O—Continued 


Cal- i icar- ori i alfa Silic 9 
FI cium Poca a) aeons Sty See ae ek coals Oe 
sium), ion, ioxi 
. Na HCOs se vase sie 
Re a eee 
32 123 ral OVS. 2116 98 275, 205 34 56 16 
£9 ee > 4.1 0.02 ibaa, Sed, 1.6 12.0 2.0 Sh) 
33 130 oe 2.6 = 320 74 OF25¢ 2100 58 11 17 
Te 7.6 1,9 Oeise | 8e7 4.3 0.02 6.4 3.4 0.64 
15 54 8. OF3> £137 10 1.0 84 10 8 18 
0.88 a2 0.47 0.02 7.9 0.58 0.06 4.9 0.58 0.47 
16 56 10 ah 135 10 17, 82 24 9 19 
0.93 Sees 0.58 0.11 9.0 0.58 0.10 4.8 1.4 0.53 
41 87 46 0:2) “454 30 0.25 100 26 22 20 
2.4 St DT, OF01 26:5 1.8 0.02 5.8 NES 13 
Ee 2 6.8 394 2.26 2616 260 None None 16 7 21 
0.07 0.40 23.0 Ox13e 35.9 1522 0.93 0.41 
23 Foo. 2011 0.2 488 88 None 4 18 None 22 
D3, Oz42— ~~ A7 0; 01°) 3287 4 cia! 0.23 Hl 


No. 


23 


24 


25 


26 


27 


(28 
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TABLE XX 


Description 


ASHLAND 
Samples collected August 26, 1915. 


City Pumping Station, 14 miles from 
city. Drilled well, 30 ft., 10-in. casing 
in gravel. Pumps 500,000 gal. per day. 
Was used for a while in boilers with soda 
ash. Not much scale reported. 


Same location as 23. Creek water. 
Used in boilers with sugar compound. 
Open feed water heater employed. Not 
much scale reported but much mud in 
heater. 


Faultless Rubber Co., E. Fourth St. 
Well 82 ft., 8-in. casing. Rock at 8 ft. 
Water level 13 ft. from surface. Used 
in Erie City water tube boilers with 
feed water heater. Gives a soft sludge 
only. 


Drs. Hess and. Clark Laboratory, 
Orange St. and railroad. Drilled well, 
126 ft., 6-in. casing, about 100 ft.-to 
rock Used in boilers with open feed 
water heater. Soda ash put into water. 
Gives a little hard scale. Heavy pre- 
cipitate in heater. 


F. E. Myers & Bros., Orange St. Drilled 
well, 175 ft., 8- and 6-in. casings. Rock 
at 35 ft. Water level 24 ft. from sur- 
face. Composite sample with two other 
wells, 65 and 100 ft. Used in B. & W. 
boiler with open feed water heater. 
Soda ash mixed with water. Gives 
small amount of hard scale. 


Weber Ice Co., Cottage St. Well, 116 
ft., 10-in. casing to bottom, rock all 
the way. Another well at plant, 150 ft. 
Water used in fire tube boilers. Not 
much scale. Graphite was tried but no 
effect observed. 


& 
3Normal carbonate = 10 pts. per mill. or 0.58 grs. per gal. 


Pts: 


. per mill. 


. per gal. 


. per mill. 


. per gal. 


. per mill. 


. per gal. 


per mill. 


. per gal. 


. per mill. 


. per gal. 


. per mill. 


. per gal. 


! 


Total 
solids 


568 


S)senll 


416 


24.3 


1084 
63.2 


700 


40.8 


986 


57.4 


936 


fotal 
hardness, 


CaCOs 


346 


20.2 


248 


L455) 


282 


398 


LSS 


510 


2958 


239 


Carbonate Non- 
ortem- carbonate 
porary or per- 

hardness, manent 
CaCOz hardness 
CaCOs 
260 86 
15.2 5.0 
195 53 
11.4 Saul 
PNG 65 
12-6 3.8 
297 101 
73 Seo 
367 143 
21.4 8.3 
310 None 
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GROUND WATERS OF OHIO—Continued 


Mag- Cal- Sodium Tron, Bicar- Chloride Nitrate Sulfate Silica, Free No. 
nesium, cium, (Potas- Fe bonate ion, ion, jon, SiOz carbon 
Mg Ca sium), ion cl NOs SOu dioxide, 
Na HCOs On 
27 94 32 1.0 317 46 None 91 18 20 23 
1.6 5:5 co 0.06 18.5 ey, Dio eal 1 Tee 
18 69 21 326 ~ 238 6 0.8 70 62 5 24 
) 4.0 1.2 0.21 13:9 Or35 0.05 4.1 3.6 O52 
22 12 299 1.0° 265 410 4.5 97 30 None 25 
13 4.5 17.4 0.06 15.4 yee) 0.26 BET 1.8 
38 oT 80 0.4 362 70 5 129 22 49 26 
vAews Bd. 4.7 202)) F242 1 4.1 0.29 {a6 13 2n9 
46 128 123 2.0 448 124 320 171 36 56 27 
De. 5 oe 317 yer 760 ie: 0.18 9.9 Pipes 33 
aS 58 258 @.5: 378 250 Sa 120 — Tod 29 28 


Lins 3:4 15.0 0:03" 22251 14.6 0.17 TE 1:4 Ne 


29 


30 


31 


By 


33 
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TABLE XX 


Description 


ASHTABULA 
Samples collected October 2, 1915. 


City Water Works. Lake Erie water | 
taken at point 3 miles from shore. Alum 
used as coagulant, water then filtered 
through sand. __ Used in boilers with 
Hawkeye compound. Some soft scale is 
formed. Harder scale without use of 
compound. Closed heater employed; 
not much sediment in it. 


Same location as 29. Lake Erie water, 
2,900 ft. from shore. 


R. W. Griswold, Woodman Ave. Eight | 
dug wells, 12 ft., 8 to 4 ft. in diameter, 
walled with brick. Used in boilers gives } 
scale trouble. Compound employed did | 
not help much. 


Fargo Mineral Springs Co. Spring on 
the deep gulf about 100 ft. above the 
river and 30 ft. below top of bank. 

No analysis was made but company 
reports that it has no trouble in any 
way with the water when used in boilers. ] 


ATHENS 


Samples collected January 25, 1916. 


City Water Works. Nine drilled wells, 
126 ft., 6-,8-, and 10-in. casings. These 
wells go through gravel to rock. Two 
wells, 40 ft., through gravel and ending 
in rock, 12-in. casing. All wells average 
1,000,000 gal. per day. When used in 


boilers water gives much scale. J 


Athens Ice & Storage Co. Drilled well, 
128 ft., 6-in. casing, 28 ft. into rock. 
Salt water is struck at about 200 ft. 
Used in fire tube boiler with soda ash 
and graphite, forms no scale. * 


ts. 


Grs. 


Pts. 


per mill. 


per gal. 


. per mill. 
. per gal. 


. per mill. 


. per gal. 


per mill. 


. per gal. 


. per mill. 


. per gal. 


Total 
solids 


8.8 


162 
O24 


1018 


59.4 


438 


722 


42.1 


Total 
hardness, 
aCOs 


113 
6.6 


150 
8.8 


445 


26.0 


309 


455 


26.5 


Carbonate 
or tem- 
porary 

hardness, 
aCOs 


95 
Shoe) 


100 
5.8 


115 


6.7 


195 


Non- 
carbonate 
or per- 
manent 
ardness, 


CaCOs 


18 
dea 


50 
Zo) 


330 


1973 


114 


6.6 


218 


ANALY 
pe be 
ak 


9 


es OF OHIO—Continued 


ag 
Chloride Nitrate Sulfate 
r jon, jon, ion, 

SOu 


a oA a 
O47 0.02 


Silica, 
iO2 


Free 
carbon 
dioxide, 

CO2 
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TABLE XX 
Total Total Carbonate’ Non- 
solids hardness, ortem- carbonate 
No. Description CaCOsz porary or per- 


ardness, manent 
CaCO; hardness, 


aCOs 


ATHENS—Concluded 


34 Athens State Hospital. Three drilled 
wells, 125 ft., 10-in. casings to rock 
struck at 110 ft. Each well on test 


pumped 900 gal. per minute. In very | Pts. per mill. 430 342 287 55 
dry weather level of water goes down a 
little. ‘“‘Water seemed harder when| Grs. per gal. Aven | 19.9 16.7 352 


well was first drilled.’ When used in 
boilers gives much scale trouble. Eureka 
softener installed eliminated some scale. 


35 Water from 34 after softening. Sixty | Pts. per mill. 278 180 1154 65 
pounds of lime and 4 pounds soda ash 
were used per 140,000 gal. Grs. per gal. 16.1 10.5 6.7 3.8 
BARBERTON 


Samples collected October 11,1915. 


36 City Water Works, High St. Twelve 
driven wells in gravel, 90 ft. Water at 
50 ft., 8-in. casings. 800,000 gal. Pts. per mill. 242 206 165 41 
pumped. When used in boilers gave 
much trouble from corrosion, pitted 
shell more than tubes. 


Grs. per gal. 14.1 12.0 9.6 2.4 


37. Diamond Match Co. Drilled well, 80 i 
ft., 8-in. casing. First 20 ft. clay, then Pts. per mill. 244 210 200 10 


gravel and quicksand, ending in gravel. | 


Used oud neine ones Grs. per gal. 14.2 1253 LIT, 0.58 
38 Same location as 37. Ohio Canal water. 
Used in water tube boilers with open | Pts. per mill. 216 179 167 12 
feed water heater which is reported not 
to remove much scale. Graphite em-| Grs. per gal. 12.6 10.4 Dell 0.70 
ployed loosens scale. J 
39 Columbia Chemical Co., Wooster Road. 
Water from Wolf Creek, water at aver-| Pts. per mill. 246 179 1355 44 
age stage. This water is softened by 
Kennicott system using lime and soda} Grs. per gal. 14.4 10.4 7.9 2.6 


ash. Gives no scale trouble. 


4Normal carbonate 


15 pts. per mill. or 0.88 grs. per gal. 
’Normal carbonate 


5 pts. per mill. or 0.29 grs. per gal. 


tl 
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GROUND WATERS OF OHIOQ—Continued 


Sodium 

(Potas- 

sium), 
Na 


Tron, 


Fe 


Bicar- 
bonate 


ion, 


HCOs 


Chloride 


on, 


cl 


Nitrate 
ion 


NO; 


Sulfate 


235 


Silica, Free 
SiO» carbon 
dioxide, 


2 


No. 


en es 


24 


1.4 


24 
1.4 


16 


0.93 


17 
O299 


is 


0.88 


97 


RY f 


32 
i 


56 
Be 


56 


323 


50 


Zo 


48 


2.8 


24 


1.4 


31 


1.8 


None 


029 


1.0 


0.06 


0.6 
0.04 


0.9 


0.05 


1.0 


0.06 


0.4 


0.02 


8 


140 
8.2 


20] 


Vin 


244 


14,3 


204 


11.8 


165 


9.6 


28 


0.47 


0.5 


0.03 


0.6 
0.04 


None 


0.4 


0.02 


0.7 


0.04 


55 


56 


Sus 


ay 
a0) 


47 


Desf 


27 


1.6 


42 


20 


47 


Hew 


34 
2.0 
None 
10 4 
0.58 0.23 
4 8 
0.23 0.47 
None 5 
0,29 
22 None 
has} 


34 


35) 


36 


37 


38 


aoe 
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TABLE XX 
Total Total Carbonate Non- 
solids hardness, ortem- carbonate 
Description aCOs porary or per- 
hardness, manent 
CaCOs hardness, 
aCOsz 
BARBERTON—Concluded 
Pittsburgh Valve & Fittings Co., Newell : 
St. Five wells, 80 ft., 8- to 10-in. cas- | Pts. per mill. 360 283 187 96 
ings, ending in gravel. Used in boilers 
with open heater. Boiler compound em-| Grs. per gal. Pile. 16.4 LORS. 56 
ployed also. 
BELLEFONTAINE 
Samples collected July 29, 1915. 
City water supply, S. Main St. Seven | 
drilled wells; two 75 ft. and five 180 P ‘ 454 
to 260 ft., 8-to 12-in. casings. Pump BB Ec 276 240 36 
1,500,000 gal. per 24 hrs.. Sample is G | ) 
from one of the 75-ft. wells ending in pager Ore fond a a 
gravel. 
Sameas 41. Drilled well 200 ft. Rock 
at 90 ft., 8-in. casing to rock. Water : 
level 2 ft. from surface. Water from Pts. per mill. 418 323 322 1 
all wells used in boilers with feed water 
Grs. : 3 
heater. Boiler compound used. Not ea Debest seth gh es 0.06 
much trouble from scale. 
Bellefontaine Bridge & Steel Co. One 
mile south of center of city. Drilled 
well, 96 ft., 5-in. casing ending in gravel. | Pts. per mill. 432 338 285 53 
Water level 40 ft. from surface. Used 
for cooling. Tried in boilers but gave| Grs. per gal. 25 o2 1927 16.6 ere | 
much hard scale. Boiler compound 


tried but without success. 


A. J. Miller & Co., South Elm St. and 
Big Four R. R. Driven well, 20 ft. in| Pts. per mill. 868 558 372 186 
gravel. Pumps 3,000 gal. in 10 hrs. 
Used in boilers with “Metaline’ com-| Grs. per gal. 50.6 3255, Pi 10.9 
pound. Keeps scale loose. 


Citizens Ice & Supply Co., N. Walker 
St. Two drilled wells, 103 and 170 ft., 
17 ft. to rock. Water level 15 ft. from : 
surface. Used in boilers with feed water Pts. per mill. 862 477 315 162 
heater. Soft sludge in boilers easily Gr 
washed out. When boiler compound 
was used scale seemed to jncrease. 
Sample is from 103 ft. well. 


. per gal. 50.3 PALAIS 18.4 9.4 
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GROUND WATERS OF OHIO—Continued 


Mag- Cal- Sodium 
nesium, cium, (Potas- 
Meg Ca sium), 
Na 
18 83 v 
1.05 4.8 O12 
32 58 20 
ee 3.4 j as 
35 71 36 
2.0 4.1 22h. 
37 73 28 
Jiao 4.3 1.6 
$4 133 50 
eZ Tat DAS, 
50 109 58 
2.9 Gib 4 +'S 24 


Tron, 


Fe 


0.6 


0.04 


Bicar- 
bonate 
ion 


HCOs 


223 


Lod 


393 


22.9 


348 


IAUSE: 


454 


26,5 


384 


es: 


Chloride 


ion, 
Cl 


16 


20 


34 


ZO 


237 


Nitrate Sulfate Silica, Free 
ion, ion, SiOz carbon 
NOs SO4 dioxide, 

COz 

None 108 16 8 

6.3 OF93 0.47 
None 65 28 7 
328 1.6 0.41 
None 49 16 6 
2.9 0.93 0.35 
None 68 12 ie 
4.0 0.70 0.64 
12 222 38 35 
0.70 12,9.) ae) 2.0 
19 196 36 32 
EB 11.4 Do 1.9 


No. 


40 


amet 


42 


43 


44 


45 


No. 
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TABLE XX 
Total 
solids 
Description 
BELLEFONTAIN E—Concluded 
46 Big Four R. R. shops. Three drilled P “1 520 
wells, 440 ft., 38 ft. to rock, 12-in. cas- be 


47 


ings to rock. | Used in boilers after ele ee gal 30.3 
softening with lime and soda ash. ; , i 


BOWLING GREEN 


Home Steam Laundry, well 104 ft. and | 
eV iemDavidsonedcemConmw.elli2OONiGatrar tremecuelesicud cae mere 
Both report the waters hard. 


BUCYRUS 


a well of 108 ft. with a capacity of about 
1,000 gal. per hour. In a boiler the 
water causes scale and some foaming. 


The ‘Bucyrus Rubber Co. uses city 
water from reservoir and reports no 
boiler trouble when used with com- 
pound. 


Toledo & Ohio Central R. R. Co. es 


OSG 06 © Ad 6. eve OF 1h. (Chew s..6 58 


River water and reports pitting and 
scale. 


Os eee (eee eters up" iele se ekele 


The Shunk Plow Co. uses ving | 


CADIZ 


City water obtained from wells of 150 to 
265 ft. in limestone. Each well can 
furnish from 75 to 100 gal. per minute. | 


ee eee weer eee =e ew eee 


Two users report pitting and scale. 


CAMBRIDGE 
Samples collected November 10, 1915. 


City Water Works, Wills Creek. Water 
direct from creek which was at low 
stage; 1,500,000 gal. per 24 hrs. pumped. 
Creek is fed from mines but no trouble 
from acid reported. Used in boiler|  Grs. per gal, 30.9 
forms thin but hard scale. When creek 

is at low stage foaming is observed. 


Pts. per mill. 530 


Total Carbonate Non- 
hardness, ortem- carbonate 
aCOsz porary or per- 


hardness, manent 
aCOz hardness, 
CaCOs 


359 257 102 


20.9 15.0 5.2 


a6. 06 se. = hieese elem. | (ec eletwualiel 


20m, Ce Pee. wee ela cela eet el 


@ 6 oe 0. 6) 16 6 (000 4: ale) 69 eel 


ar. Chloride Nierate Sulfate Silica, 
HO BOE a 


ie ew eeee were eeee eeee eeee eoee. eee eeee a Sal lee 


4.8 = 6.0 '© 0,95). «Ore7 
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TABLE XX 
Total Total Carbonate Non- 
> e solids hardness, ortem- carbonate 
No. Description CaCO: porary or per- 


hardness, manent 
aCOs hardness, 
CaCOzs 


CAMBRIDGE—Concluded 


48 American Sheet & Tin Plate Co. Water 
from Leatherwood Creek. Supply suffi- 
cient, Used in boilers after softening. 


Pts. per mill. 526 237) 127 110 
Grs. per gal. BS ORe/) 13S 7.4 6.4 


49 Same location as 48. Water after 
softening. The treatment with lime and 
soda ash varies a good deal with the 
season. When the creek is low and con- 
tains many leaves there is trouble from 
foaming. Before softening system was 
installed much trouble from priming 
and foaming was experienced. 


Pts. per mill. 420 54 (8) 54 


Grs. per gal. 24.5 Si 7, sae eee Se 


50 American Sheet & Tin Plate Co., N. 
Second St. Drilled well, 125 ft., 6-in. 
casing to sandstone at 25 ft. Used for 
drinking. 


Pts. per mill. 768 485 225 260 
Grs. per gal. 44.8 28.3 Pat 1 eye | 
51 Suite Bros. Manufacturing Co., Gamber 


Ave. Driven well, 128 ft., 5-in. casing. 
Used for drinking. 


Pts. per mill. 504 7) 3807 None 
Grs, per gal. 29.4 Ox41ete22 52 


ee ee 


CANAL DOVER 
Samples collected November 12, 1915. 


52 City Water Works, Park Ave. and 
Broadway. Twenty-four drilled wells, 
45 to 200 ft.,6- and 8-in. casings to bot- ; 
tom, in gravel. 800,000 gal. per day Pts. per mill. 316 253 215 38 
pumped. Used in boilers with Franklin Gis 
compound. Boilers were run 21 years 
without putting in new tubes. An open 
feed water heater removes some sludge. 


. per gal. 18.4 14.7 1225 Zee 


53 American Sheet & Tin Plate Co., Tus- 
carawas Ave. Eight wells, 80 ft., 8-in. | Pts. per mill. 274 226 195 31 
casings to bottom. Water is softened 
with lime and soda ash by Scaife sys-| Grs. per gal. 16.0 1372 1S 1.8 
tem. No trouble in boilers. 


sNormal carbonate 
Hydroxide 
7Normal carbonate 


55 pts. per mill. or 3.2. grs. per gal. 
10 pts. per 2 or 0.58 gers. per gal. 
10 pts. per mill. or 0.58 grs. per gal. 


Hou d 
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GROUND WATERS OF OHIO—Continued 


Mag- Cal- Sodium Tron, Bicar- Chloride Nitrate Sulfate Silica, Free No. 
nesium, cium, (Potas- Fe bonate ion, ion, ion, SiOg carbon 
Ng Ca sium), ion a NOs SO« dioxide, 
Na HCOs ; COz 


ea ee en a 


16 69 69 Ore 155 8 0.25 206 14 5 48 
0.93 4.0 4.0 0.02 9.0 0.47 07,02 1270 0.82 (PAS) 


ert 1-6 312 0.1 ee. 10 None 210 16 None 49 
0.36 0.68 6.5 OE CE Mae foe 0.58 Dies 0.93 
50 112 57 0.24 274 132 13 146 10 34 50 
2.9 6.5 3:3 0.01 16.0 ‘Pees ONT 8.5 0.58 2.0 

2-2 0.8 188 0.4 464 16 None 5 12 None 51 
0.07 0.05: 11:0 CO:02.. 2771 0.93 0.29 0.7 

17 73 9 0.4 262 8 0:25) 7 56 10 10 SA 


0.99 4.3 0.53 0202. =15,3 0.47 0.02 $3, 2") $8 0.58 


18 60 6 OFA ae 236 8 O52 5s, a 42 14 7 53 


ia} Eine) 0335 O02 3.6 0.47 0.02 Daly we Oe 0.41 
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TABLE XX 
Total Total Carbonate Non- 
solids hardness, ortem- carbonate 
No, Description : CaCOs porary or per- 


hardness, manent 
aCOs__ hardness, 
CaC 


CANAL DOVER—Concluded 


54 Dover Manufacturing Co., River St. 
Dug well, 20 ft., walled with brick. | Pts. per mill. 474 322 187 135 
Used in boilers gives much hard scale. 
After using Hawkeye compound scale} Grs. per gal. 27.6 18.8 10.9 hs) 


is looser. 


6-in. casing to bottom. Pumps 225,000 : ’ 
gal. per 24 hrs. Used in boilers after Pts. per mill. 386 276 = 175 101 
softening with lime and soda ash by| g , 995 ie ne ao 
Scaife system. No trouble from soft- ee oe : p . ‘ 
ened water. 


55 Penn Iron & Coal Co. Well, 80 0 


CANTON 


Samples collected May 27-29, 1915. 


56 J. H. McClain, S. Cleveland Ave. and 
Pennsylvania R. R. Two drilled wells, 

110 ft., 4-1n. casings. Used in boilers 

} 


Pts. per mill. 640 355 225 130 


with Dearborn compound. Much 
scale reported. 


Grs. per gal. S753 20.7 ised 76 


57 Same location as 56. Well, 50 ft., 6-in. 
casing. Pumped 75 gal. per minute. 


Pts. per mill. 822 515 305 210 
Grs. per gal. 48 30 17.8 12e2 


and Pennsylvania R. R. Four driven 
wells, 50 ft., 6-in. casings, in sand. Used 
in boilers with Hoppes feed water 
heater. Arrow boiler compound also 
employed. Report boilers clean since 
using the compound. 


Pts. per mill. 596 407 245 162 


Grs. per gal. SS 23.01, 14.3 9.4 


59 Timken Roller Bearing Co., Dueber and 
20th St., S. W. Three driven wells, 
34 ft. in gravel. Used in boilers with 
Arrow compound and soda ash. Can- { 
not run two weeks without compound. 
Boilers washed out every two weeks. } 


58» Knight Tire & Rubber Co., S. Main 
| Pts. per mill. 944 607 247 360 


Grs. per gal. BO 35.4 14.4 21 


Mag- 
nesium, 
Mg 


23 


23 


20 
1.2 


24 


1.4 


34 
2.0 


27 


1.6 


37 
22 


Cal- 
cium, 
Ca 


91 


ate 


78¢ 


4.6 


102 


Soe 


150 
8.8 


119 


6.9 


181 
10.6 
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Sodium 

(Potas- 

sium), 
Na 


20 


Lee 


10 


0.58 


51 


3.0 


36 
al 


23 


1.3 


59 


3.4 


Tron, 
© 


0.3 


0.02 


0.1 


0.01 


0:3 


0.02 


oo 
on 
= 


0.4 


0.02 


Bicar- 
bonate 
wn, 


HCOs 


228 


13:3 


214 


274 


16.0 


WW 
PAST 


299 


17.4 


301 
17.6 


Chloride 
ion, 


Cl 


Ze 


i 


14 


0.82 


24 


1.4 


42 
2,9 


24 


M4 


24 


1.4 


Nitrate 


ion, 
NOs 


0.70 


None 


noe 
Nm 


None 


6.0 
O33 


Sulfate 
ion? 


SO«4 


5.4 


159 


9.3 


162 
9.4 


138 


8.0 


272 


16.2 


Silica, 
SiOe 


14 


32 


54 


Bee 


62 
3.6 


243 


Free 
carbon 
dioxide, 

COz 


0.35 


(Oa 


I 
1.6 


68 
4.0° 


No. 


54 


55 


56 


Si 


58 


59 


No. 
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TABLE XxX 


Descripti6n 


Yotal 
solids 


Total 


hardness, 
CaCOs 


Carbonate 


Non- 


ortem- carbonate 


porary 


hardness, 


CaCOs 


or per- 

manent 
hardness, 

CaCOz 


60 


61 


62 


63 


64 


CANTON—Continued 


Cleveland Axle Co., Dueber and 20th | 
St., S. W. Drilled well, 300 ft., 8-in. 
casing to rock at 100 ft. Pumps 180 gal. 
per minute, 10 hrs. per day. Used in 
boilers with Arrow compound and soda 
ash. Soft scale, washed out every two 
weeks, not much hard scale. Open 
heater also used. | Removes 500 lbs. 
sludge in eight weeks. 


The Berger Manufacturing Co., Belden | 
and 11th Sts., N. E. Two drilled wells, 
325 ft., 6-in. casings to rock. Used in 
boilers with compounds from Parsons 
Chemical Co. and from Lords Chemical 
Co. Hard scale, sticks to tubes. Tur- 
bined every 4 to 6 weeks. Without 
compound turbining every 2 weeks 
would be necessary. Open feed water 
heater used. 


Same location as 61. Two drilled wells, 
70 ft. in gravel. Used in boilers. Trouble 
from corrosion reported. Foreman 
believed that acid from the plant found 
its way into wells. 


Diebold Safe & Lock Co., Mulberry 
Road. Driven well, 30 ft. in gravel. 
Used for drinking. City water in boil- 
ers. 


Canton Electric Co., 700 Second St., 
S. E. Well, driven 190 ft. to rock and 
drilled from there to total depth of 290 
ee Water level 45 ft. from surface. 
Pumps 45 gal. per minute for 24 hrs. | 


' Used in boilers with soda ash. Open 


feed water heater removes some scale. 
Return water used in boilers. No scale 
trouble. 


Pts. 


Grs. 


Pts. 


Grs. 


per mill. 


per gal. 


. per mill. 


. per gal. 


. per mill. 


. per gal. 


. per mill. 


. per gal. 


per mill. 


per gal. 


320 


19 


420 


370 


54.6 


504 


245 


14.3 


255 
14.8 


247 


14.2 


622 
3655 


222 


215 


1225) 


222 
13 


177 


10.3 


327 
19.0 


302 


17.6 


30 


1383 


33 
19 


70 


ail 


295 
Wes) 


None 


Mag- 
nesium, 
& 


20 


as 


18 
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18 
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Cal- Sodium Tron, Bicar- Chloride Nitrate 
cium, (Potas- Fe bonate ion, ion, 
a sium), ion | NOs 
Na HCOs 
66 15 j Re ae owe ap 8 0.5 
329 0.87 0.06", 15.3 0.46 0.03 
re: 43 38 27 tb 22 None 
4.2 235 0.22. 15.9 123 
69 18 0.4 216 8 55 
4.0 ‘ips? 002, 12°56 0.46 OF32 
185 41 O78 399 42 23 
11.0 2.4 005, 4 23;2 eS LW 
55 oF (ees) 36 None 
pi) Sih 0:06" 2155 221 


Sulfate 
ion, 


S04 


41 


2.4 


79 
46 


Hdl 


4.5 


232 


83 


4.8 


Silica, 
iO2 


46 


Pei 


36 


38 


Lhe 


30 
1.8 


36 


fy A\ 


245 


Free 
carbon 
dioxide, 

COs 


12 


0.7 


18 


eal 


(O29 


37 
67: 


0.46 


60 


61 


62 


63 


64 


No. 


66 


67 


68 


69 


70 


71 


72 


73 
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TABLE XX 
Description 
CANTON—Concluded 
Stark-Tuscarawas Brewing Co., 624 


Cherry St. Well, 80 ft., 5-in. casing in 
gravel. Pumps 200 gal. per minute for 
24 hrs. Used in brewing and in boilers. 


See No. 67. 


Same location as 66. Well, 180 ft., 6-in. 
casing to rock at 90 ft., through rock to 
a soft white sandstone into which the 
drill penetrated 4 ft. Pumps 200 gal. 
per minute. Feed water of boilers made 
up of four-fifths from this well and one- 
fifth from well No. 66. Open heater is 
employed. Noscale or sludge in boilers, 
but a little in the pipe lines. Heater 
cleaned every two weeks. 


Troy Laundry & Dry Cleaning Co., 10th 
St., N. W. Drilled well, 324 ft., 10-in. 
casing to rock at 190 ft. Last 74 ft. 
was in sandstone ending in conglomer- 
ate rock. Pumps 50,000 gal. per day. 
Water is softened with lime only. No 
trouble in boilers. 


Courtland Hotel, Tuscarawas St., N. W. 
Drilled well, 356 ft., 6-in. casing to rock 
at 200 ft. Pumps 40,000 gal. per day. 
Used in boilers. No scale trouble. Boil- 
ers washed out every three weeks. 


Nimishillen Creek. Sample taken above | 
city and above any factories. 


Nimishillen Creek. Sample taken below 
the steel mills in N. E. part of city. 


Nimishillen Creek. Sample taken after 
water has passed through city. 


Austin Lynch farm. On road between 
Canton and Massillon. Drilled well, 
407 ft. Two other wells, 125 ft., on this 
farm, are reported as gradually decreas- 
ing in capacity. 


Pts. 


Rts; 


Grs. 


. per mill. 


. per gal. 


per mill. 


. per gal. 


per mill. 


per gal. 


. per mill. 
. per gal. 
. per mill. 
. per gal. 


. per mill. 
. per gal. 


. per mill. 
. per gal. 
. per mill. 


. per gal. 
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Total 


solids 


438 


2559 


344 


20.0 


Total 
hardness, 


a 


327 


19% 


235 


13% 


160 


3 


Carbonate 
or tem- 
porary 

hardness> 
CaCO3 


227 


227 


280 


Non- 
carbonate 
or per- 
manent 
hardness, 

aCOs 


100 


5.8 


None 


None 


None 


0.06 


Cal- 
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Tron, Bicar- Chloride Nitrate Sulfate Silica, Free No. 
nesium, cium, (Potas- Fe bonate ion, ion, ion, SiOz carbon 
Mg Ca sium), ion, Cl NOs SO« dioxide, 
Na HCOs CO: 
Ce Se ae a ee ee ee ee ee 
20 99 10 ORE Same a 14 8.0 86 16 9 66 
2 Sea) 0.58 0.02 16.1 0.82 0.46 5.0 0.93 0.52 
13.4 SE 60 1.4 6277 14 220) 12 26 7 67 
0.78 1.8 “eee 0.08 16.1 0.82 0.12 Oe70 ees 0.40 
17 66 41 222. 34): 16 0.25 15 30 14 . 68 
0.99 Ee 2.4 0:43 19.9 0.93 0.01 0.87 175 0.82 
17 36 71 0.8 350 24 eo er 22 15 69 
0.99. 2.1 4,1. 0,04 +20.4 1 Ds a ae ae 
14.6 63 8.4 ey 2213 8 8.5 41 10 16 70 
0.85 na 0.49 0.07 ‘12.4 0.46 0.50 2.4 0.58 0.93 
17 59 28 4.8 167 24 6.0 76 28 31 71 
Oe92 3.4 1.6 0.28 9.8 1.4 0.35 4.4 i bars) 1,8 
34 108 44 20 167 None 48 ie 
2.0 6.3 2.6 ee 9.8 2.8 
18 61 3 0.9 277, 6 None 14 24 4 73 
ite 3.6 0.18 0.05 16.1 0.4 0.82 1.4 0725 
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TABLE XX 
Total Total Carbonate Non- 
solids hardness, ortem- carbonate 
No. Description CaCOs porary or per- 
hardness, manent 
CaCO; hardness, 
CaCO: 
CASTALIA 
Sample taken in July, 1915. 
74 Blue Hole Spring. This famous spring 
is about a quarter of a mile from the 
village of Castalia and about 3 miles| Pts. per mill. 1664 1107 202 905 
from the upper end of Sandusky Bay. A 
prodigious flow of water wells up from | Grs. per gal. 97.0 64.6 11.8 52.8 
a fissure about 80 by 100 ft. in the lime- 
stone rock. 
CHARDON 
Samples taken in January, 1916. 
NOTE. Very little information con- 
cerning these wells was obtainable. They 
range from 35 to 70 ft. in depth. 
Pts. per mill. 328 234 150 84 
DMA op GS aI PSONvecmusceacioen or sehncesr ra ars Gener 19.1 13.6 8.8 4.9 
° : Pts. per mill. 398 238 12 226 
oa On N’: Sh Se Reo. See TI Grespen cel 23.2 13.9 0.70 13.2 
F Pts. per mill. 192 174 165 9 
i Meeolicn re COMPTON ae cise eters acai teae Greener 11.2 10.1 Sie 0.53 
Pts. per mill. 218 151 80 71 
SMe eA COOK A tac cis cm cue ce nae itn Gia tpareal 12.7 8.8 4.7 ia 
: Pts. per mill. 492 267 105 162 
EME ACODSO MALE aerate ae om teenie niet ee { Gino eal 28.7 15.6 6.1 9.4 
Pts. per mill. 526 395 265 130 
COs Vins el\Viaryelsar ker. etme: pie acre { Greipemerl | 30.7 73.0 15.5 76 
: Pts. per mill. 540 285 207 78 
Sime Couchlin'.« jaca cas ote ee 
Coughlin { Gra, per gal W815) BiG oe ea Dele enna 
: Pts. per mill. 248 175 100 fle) 
Pam TIN MP AT KS a. wa hr cccsauenstn kere mations he 
ae re ; Grs. per gal. 14.5 10.2 5.8 4.4 
; Pts. per mill. 400 292 180 i 
83 Vs Watiinerseni acetic mee er ae 
2 aa 3 Grs. per gal. 23.3. «1700 «10.5 «615 
SAR KOwn pulnpnc-<ctc | cere eee ~ Rtsipe yall 206 149 7 72 


Grs. per gal. 1270 i 7 4.5 4.2 


Mag- 
nesium, 
Meg 


Cal- 
cium, 
a 


WwW oO 
“I 


od 
Ley 


30 
1.8 
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Sodium Tron, *  Bicare Chloride Nitrate Sulfate Silica, Free 
Jag Fe bonate ion, ion, ion, SiOz carbon 
sium), i ; ties 
og Hobs Cl NOs SOu coy 
12 0.4 246 14 None 636 50 3 
0.70 0.02, 14.4 0.82 Simo Deo 0.18 
12 0.1 183 26 35 28 30 
0.70 0.01 1027 15 2.0 16 1.8 
2.9 0.1 is 49, 40 155 43 
Ody 0.01 0.85 C70 UES) 9.0 DS 
5.5 0.04 201 4 0.5 10 23 
0.32 0002 1357 G225 0.03 0.58 S 
6 0.1 98 14 20 38 30 
0.35 0.01 By 0.82 i bee 22 ies 
23 1-6 “172 48 74 45 35 
133 0.06 7.4 2.8 4,3 2-6 Poel 
19 tir 23 68 0.8 57 38 
tt G.0% 13.9 4.0 0.05 ee, 22 
63 ccm = ALY) 16 55 56 se) 
ear 0.22 14.8 0.93 352 ies, 19 
6 les 2122 10 35 31 18 
0535 0.11 7, A 0.58 2.0 1.8 iil 
6 0.06 220 32 oS 44 36 
O35 0.004 12.8 1.9 ites 2.6 es) 
8 bh al 94 12 8 56 74 
0.47 0.01 ae) 0.70 0.47 Bal 4.3 


No. 


74 


75 


76 


77 


78 


Us) 


80 


81 


82 


83 


84 
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TABLE XX 


Description 


Total 


solids 


Total 
hardness, 
aCOs 


Carbonate 
or tem- 
porary 

hardness, 
aCOs 


/ 


Non- 
carbonate 
or per- . 
manent 
hardness, 
aCOs 


pes BN hg yk ne ne ee ee 


87 


88 


89 


90 


91 


We 


93 


CHARDON—Concluded 


“Magnetic” well, west of Chardon..... 


Blectnicuuieht-blant.ancck eters 


Wiacaronistactotyonseienemienen nelesnics 


CHILLICOTHE 


Samples taken January 27, 1916. 


City Water Works. Two wells in sand 
and gravel, average depth 33 ft., walled 
with brick, pump 1,000,000 gal. per day. 
Used in boilers makes some scale. With 
Hawkeye boiler compound scale is kept 
loose. 


Meade Pulp & Paper Co. Eleven driven | 


wells, average depth 45 ft., 8-in. cas- 
ings. Pumpage estimated at 2,000,000 
gal. per 24 hrs. In dry seasons the 
wells run low in supply. Softened with 
lime and soda ash for boiler use. Water 
is also used for paper making. Wire 
belt lasts only about four weeks in raw 
water. Cannot use it to make sizing 
because calcium precipitates rosin. 


Chillicothe Bottling Co. Drilled well, 
87 ft. in sand and gravel, 10-in. casing. 
Pumps 200 gal. per minute. Used in 
boilers with graphite and soda ash 
forms very little scale. Open hedter also 
employed. 


Rts. 


Grs. 


Pts: 
Grs. 


. per mill. 
. per gal. 


. per mill. 
. per gal. 


. per mill. 
. per gal. 


. per mill, 
. per gal. 


. per mill. 
. per gal. 


. per mill. 
. per gal. 


per mill. 


per gal. 


. per mill. 


. per gal. 


per mill. 


per gal. 


24.6 


470 


27.4 


624 


36.4 


466 
2iee 


268 
15.6 


290 
16.9 


245 
14.3 


309 
18.0 


398 


Djed) 


482 


28.1 


396 
ale 


140 
8.2 


305 
17.8 


347 


20.2 


312 
18.2 


None 


266 
15.5 


93 


5.4 


135 


72 


84 


4.9 
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Mag- Cal. Sodium Tron, Bicar- Chloride Nitrate Sulfate Silica, Free No. 
nesium, cium, (Potas- Fe bonate ion, ion, ion, SiO2 carbon 
g Ca sium), ion, | NOs SOu dioxide, 
Na HCOs CO2 
17 79 22 Te eee ie | 50 30 51 aears 72 85 
0.99 4.6 ae 0.14 10.0 2.9 1.8 3.0 a, 4.2 
‘LS 92 52 0.14 281 44 os 62 ieee 40 86 
0.88 5.4 3.0 0.01 16.3 2.6 nip 3.6 Boe 
21 64 ee 0.06 252 8 5 oe Pe 36 87 
1-2 af 0.35 0.004 14.8 0.47 0.29 1.6 Siva 
23 85 5 0:3 268 20 1.5 58 ES dolin 29 88 
ps: 5.0 0.29 O02" 6 DS26 Pe? 0.09 3.4 wae | 7 
11 25 72 2. 277 6 Zap 22 nee 20 89 
0.64 1:5 4.2 OE) aS cer | 0.35 0.15 tag iL 
22 91 473 0.3 63 800 50 59 Rees 50 90 
3 Jia 2726 0.02 Sh 46.7 2.9 3.4 209 
32 107 12 2.0 372 12 1s a es ne er. 91 
1 By 6.2 0.7 OA 2h. 0.70 0.09 5.0 oie 
41 125 28 Curt) e235 34 8.5 111 ete 59 92 
2.4 1S 1.6 0.01 24.6 2.0 0.49 Os: ane 3.4 
a2 106 14 Ose pe388 16 6 70 att 53 93 


1.9 6.2 0.82 0.04 22.2 0.93 0.35 aol ee hel 
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TABLE XX 


Total Total Carbonate Non- 

; solids hardness, ortem- carbonate 
No. Description CaCOz porary or per- 
hardness, manent 

aCOz hardness, 


aCQOs3 
Pee Warr A a a ee ee ee ee eee 


CHILLICOTHE—Concluded 


94 Chillicothe Street Ry., Power & Light 
Co. Drilled well, 110 ft. in gravel, last 
10 ft. being in blue clay. If well is 
pumped 48 hrs. it runs dry. Water used 
in boilers with open heater and Dear- Grs. per gal. 24.3 21.5 18.8 2.7 
born compound gives loose scale. _ If 
“lake’’ water which is used in part is 
muddy there is trouble from foaming. 


Pts. per mill. 418 368 322 46 


CINCINNATI 
Samples collected May 11 to 15, 1915 


95 City water. Water from the Ohio River 
is taken at a point about eight miles 
above the city. It is purified by first 
settling in large sedimentation basins 
and subsequently filtering through rapid 
sand filters after treatment with ferrous 
sulfate (copperas) and lime. Sample 
was taken from one of the city taps. 


Pts. per mill. 174 85 27 58 
Grs. per gal. 10.1 5 6 3.4 


96 St. Bernard Water Works, Oak St., St. 
Bernard. Two wells, 160 and 180 feet, 
8-in. casings. | Used in boilers after 
softening with lime and soda ash. Open 
heater employed contains heavy pre- 
cipitate. Foaming trouble reported. 


Pts. per mill. 560 430 Sil 53) 
. per gal. S27, PRA 22.0 Seal 


97 Globe Soap-Co., Carthage Pike and Big 
Four R. R. Two drilled wells, 280 ft., 
10-in. casings. Water level 20 ft. from 
surface. This level reported falling. 
Pumps 900 gal. per minute for 10 hrs. 
For boiler use water is heated to boiling 
and treated with lime and soda ash. No 
hard scale. 


Pts. per mill. 610 417 350 67 
Grs. per gal. 35.6 24.3 20.4 359 


98 Harkness & Cowing Co., Carthage Pike 
& Murray Road. Driven well, 6-in. 
casing, in gravel. Pumps 20,000 gal. per 
day. Softened by We-fu-go System, 
water gives no trouble in boilers. 


Pts. per mill. 442 352 310 42 


Grs. per gal. 25.8 20.5 18.1 Zea 


—————— SS wos ee ————_ 
—) 
a J 
n 


Mag- 


E C Sodium Iron, Bicar- Chloride Nitrate Sulfate Silica, Free No. 
a eg eae Fe bonate ions ion, ion, iO2 carbon : 
we HCO: 3 SO4 ates 

29 99 10 7.4 393 8 None 44 41 94 
Ree. 5.8 0.58 0.43 22.9 0.47 2.6 2.4 
6.1 24 13 0:3 33 14 13 51 10 95 
0.4 1.4 0.8 0.02 1.9 0.82 0.08 3.0 0.58 \ 

34 116.0 25 0.2 460 36 6.5 56 18 7 96 
ad 0 6.8 ES 0.01 26.8 Val 0.38 33) Ped 0.41 

32 115 35 0.5 427 64 O25 58 24 7 97 
eo 6.7 250 0:03: 24.9 Ngee 0.01 3.4 1.4 0.41 

26 99 5) 5) 0.8 378 14 None 50 22 21 98 
eS 5.8 Oz.32 OFOSa M2204 0.82 Ae) Ls) 12 


Cal- 
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TABLE XX 
Total Total Carbonate Non- 
solids - hardness, ortem- carbonate 
No. Description CaCO: porary . or per- 
hardness, manent 
CaCO: hardness, 
CaCOs 
CINCINNATI—Continued 
99 Laidlaw-Dunn-Gordon Co., Elmwood 
Place. Two drilled wells, 100 ft., 8-in. : 
casings. Water softened by “Industrial Pts. per mill. 412 345 312 33 
Water Softener” with lime and soda ash. Geiser nat 24.0 00.1 {82° 4180 
Graphite also used in boilers. Some soft 
scale reported. 
100 Phillip Carey Manufacturing Co., 
Lockland. Two wells, 188 ft.in gravel, 
12-in. casings. Water level 68 ft. from! Pts. per mill. 438 362 a5) 37. 
surface. Pump 1,800 gal. per minute. 
Mixed with canal water used in boilers | Grs. per gal. BS, 5) Died 19.0 2.2 
after softening with lime and soda ash. 
Some hard scale reported. 
101 Stearns & Foster Co., Lockland. Three ) 
drilled wells, 280 ft., 180 ft. to rock, clay, 
then 100 ft. of sand, 6-, 8-, and 10-in. | Pts. per mill. 516 390 337 53 
casings. This water reported as chang- ; 
ing, increase in iron being especially | Grs. per gal. 3008 22.8 U7 Seal 


noted. Used-in boilers after softening 
by We-fu-go system 


102 Union Distilling Co., Carthage. Three 
drilled wells, 2-, 8-, and 10-in. casings. , : 
The 10-in. well is 170 ft. deep, in gravel. Pts. per mill. 422 360 322 38 
Used for condensing and then to soften- Gr 


é . per gal. 24.6 21.0 18.8 Dee 
er. Before softening water gave much 
scale. 
103 Same location as 102. Well 135 ft., | Pts. per mill. 382 SHS 315 None 
8-in. casing. Grs. per gal. 22.3 18.4 18.4 


104 M. B. Farrin Lumber Co., Station Ave., 
Winton Place. Drilled well, 133 ft., 10- : 
in. casing. This well has been drilled to Pts. per mill. 612 400 412 None 
250 ft. at which depth salt water was i 
struck. It was then filled to 133 ft. 
Used for drinking. 


Grs. per gal. Dyed 2523 24.0 


105 Ohio Butterine Co., 50 Walnut St. 
Drilled well, 275 ft., 8-in. casing, into| Pts. per mill. 1046 565 405 160 
rock. Pumps 53 gal. per minute. Used 
for drinking and in boilers vath com-| Grs. per gal. 61.0 33:0 2567 2e BONS 
pound. Some scale trouble. } 


Mag- 
nesium, 
Mg 


26 
1.5 


29 


if 


33 


io 


32 


Cal- 
cium, 
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97 
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Sodium 

(Potas- 

sium), 
Na 


4.2 
0.25 


9.0 


13 


14 


0.82 


sh 


4.5 


146 


8.5 


Iron, 
Fe 


0.5 
0.03 


ow 
mo 
N 


Bicar- 
bonate 
ion 


HCOs 


381 
zeae 


396 


23.2 


411 


24.0 


393 
22.0 


384 
22.4 


503 


Zona 


494 


Chloride 
ion, 


cl 


14 


14 


36 


14 


. 82 


Nitrate 
ion, 


NOs 


None 


None 


0.04 


None. 


None 


7) 


Sulfate 
ion, 


SO« 


Sf 
22 


48 


2.8 


46 


Dif 


49 


Bed 


Very 
little 


None 


153 


8.9 


Silica, 
SiOz 


16 


0.93 


18 


ve 


20 


ee, 


6.0 
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Free No. 


carbon 


dioxide, 


CO2 


0. 


99 
23 


0 100 


212 


223 


102 


5 103 
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TABLE XX 


Total Total Carbonate Non- 
solids mcnyaane ortem- carbonate 

ipti CaCOs porary or per- 

x ae hardness, manent 
CaCOz hardest 


aCOs 


CINCINNAT I—Continued 


106 National Candy Co., 25 Court St.| Pts. per mill. 1966 1017 515 502 
Drilled well, 140 ft., in sand and gravel. 4 
Used for cedling Grs. per gal. 115.0 59.0 30.1 PAS)8) 


107 Foss-Schneider Brewing Co., Court and] Pts. per mill. 1320 530 534 None 
FreemanAve. Four driven wells, 86 feet, 
6-in. casings. Used for cooling. Grs. per gal. 77.0 30.9 31.1 


108 Jung Brewing Co., 2014 Freeman Ave. 
Three drilled wells, 156 feet, to rock,| Pts. per mill. 1928 922 577 345 
8-in. casings. Total pumpage 300 gal. 
per min. Used for cooling and washing. | Grs. per gal. 113.0 5386 S1s)s¢/ 20.1 
Clogged up condensers. 


109 John Huffman Packing Co., Baymiller| Pts, per mill. 1718 940 572 368 
near Central St. Driven well, 155 ft., 
6-in. casing. Used for cooling. Grs. per gal. 100.0 54.8 33.4 2165 


110 Lackman Brewing Co., Carlisle and ; 
Stone St. Four drilled wells, 85 feet, Pts. per mill. 1000 572 375 197 


6-in. casing, in gravel. Pump 60 gal. per Gist per gale 58.3 33.4 21.9 115 
min. Used in ammonia condensers. 


111 Crystal Spring Station City Ice De- 
livery Co., Apple St. Driven well, 115 
ft., 6-in. casing, in sand and gravel. 
Used for cooling. It is reported of this 
water that if air strikes it before it 
enters the condensers the pipes fill up 
with scale, but if a closed system pre- 
venting the entrance of air is used there 
is no trouble, the pipes remaining per- 
fectly clean. 


Pts. per mill. 880 445 422 23 


Grs. per gal. Bilve3 26.0 24.6 133 


112 Jacob Schlachter & Sons Co., 2841 : 
Colerain Ave. Drilled well, 90 ft., 6-in. Pts. per mill. 398 345 352 None 


casing, in gravel. Used for cooling and Gre pentcal 23.2 20.1 20.5 
drinking. ‘ ; i ’ : 


113 Standard Carbonic Co., Burns St. Two P “1 
wells, 101 ft., 8-in. casings, ending in ts. per mill. 930 627 445 182 
gravel and rock. Pump 50 gal&per min. rs 


Used for cooling and drinking. Per Be os 358 ao.) 10.6 


' 
Chloride Nitrate — Sulfate Silica, 
- i i SiOs 


jon, ion, 


ron, 
Cl NOs SOx 


159 70 0.7 457 94 40 126 26 64 110 


= 


AT A 4 a ae ae %* 2 es ee% La a ‘. ~ ; 


~ 
a 


eats 9.3 4.1 POE 267. ASS ee a 1.5 bee 


a pe ¢ 

a 
40 to," 151 72 $15 1236 None Very © 10 8.00 Aiea 
te little aa 
23 Be tse E10, 42". 300°". 45.8 0.58 0.47 4 


a 


: 29 90 16 5.4 429 16 None Very 48 16 LI ee 
— * little 
0.93 258-— #0793 
oY 
56 None 1S 62 58 113 


one Ou 3.6 3.4 


No. 


114 


115 
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258 INDUSTRIAL WATER SUPPLIES OF OHIO 
TABLE XX 
fotal Total Carbonate Non- 
solids hardness, or tem- carbonate 
Description CaCO; porary or per- 
hardness, manent 
CaCO: | hardness, 
CaCO: 
CINCINNATI—Concluded 
Butchers Packing Co., 539 Poplar Ave. | 
Two wells, 155 ft., ending in gravel. | Pts. per mill. 3042 1205 735 470 
Six feet of stone struck before drill en- 
tered water-bearing gravel. Used for] Grs. per gal. Ma/ene 70.3 42.9 27.4 
cooling and condensing. 
John H. McGowan & Co., 54 Central | pts. per mill. 1008 442. 305 137 
Ave. Drilled well, 70 ft., 5-in. casing, , 
in gravel. Pumps 20 gal. per min, Grs. per gal. 59.0 25.8 17.8 8.0 
Liquid Carbonic Co., 2nd and Central ane Z ee 5 
Ave. Drilled well, 80 ft., 8-in. casing, Pts. per mill, 1150 457 274 165 
in gravel. Pumps 30 gal. per min. Used Gener et 67.0 6.7 17.0° 9.6 
for cooling. 
CIRCLE Vine 
Samples collected January 15, 1916. 
City water. Water is taken from Dark] Pts. per mill. 428 376 315 61 
Creek and filtered. Sample was from a 
consumer’s tap. Grs. per gal. 252.0 at 9 18.4 3.6 
C. E. Sears & Co., South Washington St, : x . B 
Drilled well, 96 ft., 8-in. casing. Goes Pts. per mill. 390 347 282 a 
into gravel 12 to 15 ft. Used in boilers Gram kereal 12.8 20.2 16.4 3.8 
with compound. Some scale. 
Heffner Mill Co., East Mill St. Drilled ; % - ae 
well, 78 ft., 6-in. casing through gravel Pts. per mill. 520 #15 mc 140 
and sand. Used in boilers with com- Ges pen gall 30.3 4.2 16.0 8.2 
pound, 
Circleville Grain Co., West Main St.| pts. per mill. 574 455 290 165 
Driven well, 61 ft. Used in boilers with ; 
compound. No trouble reported. Grs. per gal. 33.3 26.6 16.9 9.6 
Circleville Light & Power Co. Driven) pts. per mill. 612 499 330 159 
well, 85 ft. Used in boilers with feed 
water heater. Grs. per gal. 35.7 28.5 19:43 9. o 
Hasler Packing Co., South Court St. 
Driven well, 135 ft., 6-in. casing, ends in | Pts. per mill. 542 44] 362 79 
sand and gravel. Used in boilers with } 
compound. Small amount of scale re- | Grs. per gal. 6 Di 7. leat 4.6 


ported, 
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INDUSTRIAL WATER SUPPLIES OF OHIO 


TABLE XX 
Total Total Carbonate Non- 
solids hardness, ortem- carbonate 
No. Description CaCOs porary or per- 
hardness, manent 
CaCOz3 hardness, 
aCOs 
CLEVELAND 
Samples collected Sept. 26-30, 1915. 
123 City water. Kirtland St. Water from 
Lake Erie, intake being 5 miles from 
shore. Treated with chloride of lime to 
make safe for drinking. Average hard- 
ness 92 parts per million. Does not 
vary more than 2 or 3 parts. When] Pts. per mill. 156 112 100 12 
used in boilers with soda gives com- 
paratively soft scale. The*Cleveland| Grs. per gal. Se “65 5.8 i AS) 
Provision Co., also uses city water in its 
boilers along with tobacco extract and 
sodium phosphate. This keeps the scale 
loose. 
124 Same location as No. 123. Raw lake| Pts. per mill. 156 100 97 B() 
water. Used successfully in boilers with F 
Dearborn compound. (See No. 129.) | Grs. per gal. 9.1 5.8 5.7 \0.18 
125 Cleveland Provision Co., Canal Road. 
Two wells 185 feet, 8-in. casings, end in : 
gravel and blue clay. Pump 500 gal. per Pts. per mill. ae 92 268 None 
min. Used for washing and cooking. ed 4 
City water is used in boilers. (See No. Grs. per gal. 24.6 5.4 15.6 
1239) 
126 Standard Oil Co. Works No. 1, 2811 
Broadway. Cuyahoga River water, un- we x ot 3 ) 
treated. Used in boilers with com- Pts. per mill. 692 298 132 126 
pound “caustic” and graphite. This Gite oa Se 1 6 7 6 7 4 
keeps scale loose. Intends, however, to fees ; : ; , 
install a softening system. 
127 Cleveland Paper Co., Broadway. Drilled | Pts. per mill. 328 55 212 None 
well, 125 feet. Used for drinking. Grs. per gal. ial Bee Le 
128 Cleveland Furnace Co., Clark Ave. ; 
Sixty driven wells, 25 to 31 feet deep, Pts. per mill. 1138 570 115 455 
de. é . 5 fe : - & r 
Wengert ending in sand. * Used for Greserentt 66.3 33.3 eo oar 


bf teen Sonbhay Geer 
ponaie tant Mapes Sate iiss 
3 


Heo, | % 


6.0 None 124 
¥ 
0.35 


162 None 122 14 19 126 


9.4 ip 0.81 Iie 


46 None- None 16 4.0 ey 
wey: 0.93 0.23 
90 None 390 22 94 (123 


260% INDUSTRIAL WATER SUPPLIES OF OHIO 


TABLE Xex 


No. Description 


Total 


solids 


Carbonate 
or tem- 
porary 

hardness, 


CaCOs 


CLEVELAND—Concluded 


129 New York Central Shops, 541 152nd St. 

Lake water taken 1,200 feet from shore. | 

Used in stationary and locomotive boil- 

ers with soda ash. Not much trouble 
from scale. 


130 American Wire & Steel Co., Cuyahoga 
Works. Ohio Canal water, untreated. 
Sample taken was slightly turbid though 
as a rule water is clear. Softened by 
We-fu-go system, treated with ferrous 
sulfate as coagulant and then filtered 
through sand. Used in boilers. Tri- 
sodium phosphate added also, in boil- 
ers. Some hard scale reported. 


131 Same location.as No. 130. 


canal water. 


Filtered 


132 Grasselli Chemical Co., Independence 
Road. Drilled well, originally put down 
for gas, now plugged at 350 feet, 8-in. 
casing, It is intended to use water for 
cooling. 


133 American Steel & Wire Co., Central | 
furnaces. Raw Cuyahoga River water, 


(134 Same location as No. 133. River water 
after softening with lime, soda ash, and 
ferrous sulfate. No boiler trouble re- 
ported. Total cost of softening is given 
as 4.5 cents per 1,000 gal. 


8Normal carbonate 
Hydroxide 


Noll 


Pts. per mill. 


Grs. per gal. 


Pts. per mill. 


Grs. per gal. 


Pts. per mill. 
 ~Grs. per gal. 


Pts. per mill. 


Grs. per gal. 


Pts. per mill. 


Grs. :per gal. 


Pts. per mill. 


Grs. per gal. 


40 pts. per mill. or 2.3. grs. per gal. 
10 pts. ger mill. or 0.58 gers. per gal. 


170 


ye 


682 


39: 


462 


26. 


142 


145 


210 


12. 


127 


Nitrate Sulfate Silica, 
on, ion, SiOs 
NOs SOs 


a O 68 100 16 155 136 9 
rey CG The) 100938; OY «98 0. 


120 None - 133 gee None 134 


7.0 PR ae has 


No. 


135 


139 


140 


141 


°C. P. Hoover, Annual Report, Division of Water, Columbus, 1913. 
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INDUSTRIAL WATER SUPPLIES OF OHIO 


TABLE XX 
Total Total Carbonate Non- 
solids hardness, ortem- carbonate 
Description CaCOsz porary or per- 
ardness, manent 
CaCOs hardness, 
CaCO: 
COLUMBUS 
Samples collected Dec., 1914, and Jan., 
1915. 
City water. The Columbus supply is 
obtained from a reservoir formed by 
damming the Scioto River above the 
city. This reservoir holds 7,000,000,000 
gal. The water flows down the bed of 
the stream to the intake of the water 
works where it is softened with lime and 
soda ash, a coagulant is then added and 
it is filtered through rapid sand filters.| Pts. per mill. 88 60 28 
At times chloride of lime is also em- 
ployed to insure complete destruction | Grs. per gal. bya il 31.5 LNG 
of bacteria. Twelve power plants were 
found using this water in their boilers. 
Four of them gave no report; four re- 
ported ‘‘no trouble; four reported 
some scale, and one of this last group, a 
railroad company, using the water in 
locomotive boilers, had some pitting. 
LJ 
Buckeye Steel Castings Co., South Par-| Pts. per mill, 656 480 312 168 
sons Ave. Drilled well, 62 feet. Used 
dat hGillors Gan Renlaach: Grs. per gal. RIGS 28.0 18.1 938 
2) . r 2 
Same location as No. 136 well. \ ae ee my eg g ty 3 ae 7 oe 
Columbus Iron & Steel Co., S. cas 
Ave. Driven well. Used in boilers after | Pts, per mill. 786 530 266 164 
treatment with lime and soda _ ash. 
Capacity of three drift wells of oa Grs. per gal. eee) 30.9 21.4 SEG 
company is 150,000 gal. per 24 hours. | 
es é we : Pts. per mill. 762 466 360 106 
Same location as No. 138. Driven well. | Greenest aed 7.2 21.0 6.2 
Hoster-Columbus Co., Livingston Ave. : 
& Front St;. Drilled well, 120 feet, 6-in. | Pt Pet mull. _956-  632.- 9596 238 
casing. Used in ammonia condensers Gre penenl 56 36.9 3-1 13.8 
and then in boilers. 
Same location as No. 140. North well | Pts. per mill. 938 647 410 237 
in malt room, Grs. per gal. 54.7 Sie 2309 1358 
& 5 


Tron, Bicar- Chloride Nitrate Sulfare Silica, Free 


bonate ion ion jon, SiO: carbon. 
vets, ENO BO dite, 


ee Oe TD fst teiep ae 
0.70 0.04 9.4 


1 None — Os fee ee eters GT ae 
22.8 0.64 pa Ane Hie eas als 


. Beak, 
446 24 None 180 1 Osa oc sag 
oh ala Be IE Sale eae Re a 
‘ 

439 39 None 196 PPR rei 
2.6 0.8 11.4 : 


483 76 None, 212 veers 40.0 140 


500 31 None 214 ee 34 141 
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TABLE XxX 
Total Total Carbonate Non- 
: solids hardness, or tem- carbonate 
No. Description CaCOs porary or per- 


ardness, manent 
CaCO; hardness, 


aCOs 


COLUM BUS—Continued 


142 Same location as No. 140. Wellin brew | Pts. per mill. 1061 692 380 BZ 
house, 126 feet. Used for washing. Grs. per gal. 62.0 40.4 Mp 18.2 


143 Same location as No. 140. Well, 90| Pts. per mill. 1008 687 420 267 
feet. Used for washing. Grs. per gal. 59.0 40.0 24.5 1526 


144 Same location as No. 140. Well in) Pts. per mill. 980 667 422 45 
pump room. Used in ammonia con- 


densers and then in boilers. Grs. per gal. — S/e0 Sos) 24.6 14.3 


145. Same location as No. 140. Two wells, 
122 feet, 8- and 10-in. casings. Used in 


boilers after preheating with exhaust | Pts, per mill. 900 660 387 218 
steam. Live steam purifier also em- : 
ployed. Water treated with soda ash. | Grs. per gal. 5320 385 225 eye) 


- Boiler tubes painted with graphite every 
winter. No pitting, some scale. 


146 Schlee’s’ Branch, Hoster - Columbus | 
Brewing Co., Front and Hoster Sts.| Pts. per mill. 1082 755 400 355 
Drilled well east side pump room, 100 
feet, ends in drift. Used in boilers with | Grs. per gal. 63.0 44.0 23e3 2087) 


soda ash. No scale trouble. 


147 Same location as No. 146. West wellin | Pts. per mill. 1234 840 415 425 


pump room. Grs. per gal. T2200 49.0 24.2 24.8 
148 Same location as No. 146. Brew house \ Pts. per mill. 766 575 405 170 

well, 110 feet. { Grs. per gal. 44.7 3355 23.6 See) 
149 Schmidt Packing Co., 253 Koncuth Size : 

Drilled well, 76 feet, 6-in. casing, ends | Pts. per mill. 570 477 397 80 

in gravel. Pumps 75,000: gal. per day. | 

Used in boilers with graphite. Great | Grs. per gal. SBS 27.8 231 4.7 


deal of scale reported. 


150 Ohio Brewing Co., Reeb Ave. and] pts. per mill. . 1380 905 317 588 
High St. Drilled well, 40 feet, in drift. fee 
Used for washing. K Grs. per gal. 80.0 52.8 18.4 34.3 


Bicar- Chloride Nitrate Sulfate Silica, Free 


-bonate jon ion, ion, SiOo carbon ay 
A Mg at's aS ts thoxide, 
72 


2p. 35. 0.7 387 50 18.5 330 44 39 150 
33a eet l 19520» 26 97243 


a 
—~ 


268 INDUSTRIAL WATER SUPPLIES OF OHIO ; 


TABLE XX 
Total Total Carbonate Non- 
solids hardness, ortem- carbonate 
No. Description CaCOs porary or per- 


ardness, manent 
CaCOz hardness, 


aCOs 


COLUMBUS—Continued 


151 Same location as No. 15C Drilled well, 
190 feet, last 100 feet in rock. Used in 
ammonia condensers. Was tried in 


Pts. per mill. 3480 1910 305 1605 


boilers but given up on account of ex- Cie peset 203 WW 17.8 94.0 


cessive scale. Water contains hydrogen 
sulfide. 


152 Columbus Packing Co., South High St. 
Two wells, 43 feet, in gravel. Pump 300 
gal. per minute. Used in boilers with 
preheating to about 204° F. Soda ash Gr 


Pts. per mill. 702 530 347 183 


: ; h 3 

is also added to heater. Boilers are per ea) bee! oe an ee 
blown off twice a day. 

153 Same location as No. 152. Drilled well, } pry per mill. 572 372 307 65 
87 feet, ends in quicksand. Was used in 
boilers but gave too much hard scale. Grs. per gal. Joie DA, Mes: 3.8 


154 Southern Hotel, Main and High Sts. 
Drilled well, 127 feet, through rock and | Pts. per mill. 902 600 SL 223 
hard pan, ending in sand. Jt was re- 
ported that wood was struck at the bot- | Grs. per gal. 53.0 35-0 2240 13.0 
tom, 


155 Smith Agricultural Chemical Co., Hayes 


Ave. Drilled well, 270 feet, going 

through rock and ending in clay. Water | Pts. per mill. 780 290 B52, None 
was used in boilers but caused much 

corrosion and some scale. There is a] Grs. per gal. 45.5 16.9 20.5 


belief around the plant that acid may 
have gotten into the water. 


‘156 Franklin Brewing Co., 585 Cleveland 
Ave. Three drilled wells, 200 feet. | Pts. per mill. 2382 1480 240 1240 
Water was tried in boilers but caused 
too much scale; also some pitting, is| Grs. per gal. 139 86.0 14.0 72.0 
now employed for condensing, | 


157 Same location as No. 156. Wash house | Pts. per mill. 830 605 420 185 
well. Grs. per gal. 48.4 35.3 24.5 10.8 


158 Same location as No. 156. Ige ga Pts. per mill. 1322 972 420 Sis 
well. Grs. per gal. 77.0 bf 10 24.5 S2ae 


“" 4 


Pace 
tomy SiO: aleve 
‘ 4 xide,, 
COz f "4 


122. None 804 
46. 


None 159 


ei ye 8 950 046 OS OID se OS ae 
| 4 = OP 
a, < q 
42 P12. |) 42 ae ees 
Zig 1603. 75330 0.35 
20.0 None 200 aes 14.0 157 
1.2 11.6 0.81 
, 48 None 460 9.0. ~ 158 
2.8 26.8 0.52 
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TABLE XX 


Total Total Carbonate Non- 
solids hardness, or tem- carbonate 
No. Description aCOsz porary or per- 


hardness, manent 
CaCOs hardness, 
CaCQs 


COLUM BUS—Continued 


159 Jeffrey Manufacturing Co., First Ave. 
and Fourth St. Drilled well, 200 feet, 


8-in. casing. Was tried in boilers but Greapeceal 166 100 17.3 83.0 


gave too much scale. 


Pts. per mill. 2848 1714 297 1417 


160 Same location as No. 159. Well, 205 | Pts. per mill. 2852 1734 280 1454 
feet. J) Grs. per gal. 166 101 Leas 85.0 


161 Kilbourne & Jacobs Co., Lincoln and 
Fourth Sts. Well, 3,200 feet, 8-in.| Pts. per mill. 3222 1950 295 1655 
casing. This was drilled originally for 
gas. Water level 80 feet from surface. | Grs. per gal. 188 114 17: 
Contains hydrogen sulfide. ; 


i) 
\© 
~ 
j=) 


162 Butchers & Grocers Ice Co., East Sec- 
ond Ave. and B. & O. R. R. Three 
drilled wells, 250 feet, struck rock at 150 
feet. Used for cooling and condensing. - 

o Grs. gal. ; 
Contains hydrogen sulfide. Tried in Teper ae ee mae a? ei 
boilers but caused scale and pitting. 


Pts. per mill. 1658 1004 152 852 


163 Columbus Railway, Power & Light Co., 
Mound and Central Ave. Pond fed by 


surface and spring water. Used in [ Gix 
a 


Pts. per mill. FP 475 172 303 


$) 
boilers, feed water being preheated. PEE Bal Bs tg Batt 10.9 17.7 
164 Stephens & Son, Brown Road, Green- 
lawn Cemetery. Drilled well, 54 feet, : 
rock struck 4 feet from surface. _ Used Pts. per mill. 645 465 326 139 
in boilers and greenhouse heating sys- Gas peer 37 6 7-1 19.0 3.0 


tem. Graphite employed. Some soft 
scale forms. 


165 State Hospital for Feeble Minded, West 
Broad St. Boiler room well, 209 feet, 
rock struck at 21 feet. The four wells | Pts. per mill. 761 565 sy 213 
at this institution pump 350,000 gal. per > 
day. Used in boilers with open heater. | Grs. per gal. 44.4 32.9 90.5 
Not much scale trouble. Tubes cleaned 
every 6 to 8 weeks. No pitting. 


oi) 
— 
i) 
rs 


166 Same location as No. 165. Wel No. 1, | Pts. per mill. 562 455 382 73 
pump house, 206 feet. ‘ Grs. per gal, 3258 26.5 0ms 4.3 


Chloride Nitrate Sulfate Silica,"_— “Free SON, 
ee 18h. ion, ion, SiO» Patho 
Cl NOs SO4 . 
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yh 60.0 


38 Sey Ei ke 
Lee DS 680 
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22 1.7257 
ih 6.10) 30.6 


aut eae Re Py ee 4S aaee, te i 
_ mn! s oc 
ee ae 
a Sn 
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ea . | hy xi 
Pe 50 144 ae 3.8 429 12. None 253 oC rl ee igh) ys 
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D2 INDUSTRIAL WATER SUPPLIES OF OHIO 


TABLE XX 
Total Total Carbonate Non- 
solids hardness, or tem- carbonate 
No. Description CaCOz porary or per- 
hardness, manent 
CaCOs hardness, 
SaC Oz 
COLUM BUS—Continued 
167 Same location as No, 165. Well No. 2, | Pts. per mill. 533 425 370 55h0 
pump house. Grs. per gal. Sve 24.8 ZAR cay 
168 Same location as No. 165. Well No. 3, | Pts. per mill. 540 427 376 oy 
pump house. ) Grs. per gal. BS 24.9 BS 2a0 
169 State Hospital for Insane, West Broad 
*  $t. Well No. 1, boiler house, 275 feet, 
10-in. casing. Rock struck at 155 feet. 
Water from this well and also from Nos. 
170,172, and 173 is pumped into a com- 
mon cistern for use in boilers. An open} Pts. per mill. 620 472 338 134 
heater brings the feed water to about 
190° F. Boilers are blown off every 8| Grs. per gal. 36.2 2725 19.7 ES) 
hours. There is much hard scale. One 
man kept busy drilling tubes. Water 
from No. 171 is seldom mixed with rest. 
Combined pumpage 350,000 gal. daily. 
This capacity is reported constant. 
170 Same location as No. 169. Middle well, | Pts. per mill. 810 565 312 253 
No. 2, 300 feet, 10-in. casing. Grs. per gal. 47.3 32.9 18.1 14.7 
171 Same location as No. 169. Well No. 3, P iw aon 2 a 
410 feet, 10-in. casing. Contains hydro- | ts. per mill, 1332 850 298 552 
gen sulfide. Not used = boilers any (OR 780, 49.6 74 32.2 
more than can be helped. 
172 Same location as No. 169. Well No. 4, | Pts. per mill: 540 455 372 83 
308 feet, 8-in. casing. Grs. per gal. oles 26.6 DPN 4.8 
173, Same location as No. 169. Well No. 5 
side of engine house, 300 feet, 10-in. cas- s ‘ ¥ 
ing, 155 feet to rock. At 300 feet a Pts. per mill. 570 430 342 88 
stratum of soft grayish shale was struck, 
. 3 Grs. ral. 33.3 2 
On test this well pumped 225 gal. per is, Dena oe ~~ bee 5.1 


minute. 


Pond in gravel bed, 20 feet deep. Used 
in both stationary and locomotive boil- 
ers. Not much scale trouble. Quit 
using boiler compound. Abou v6 in. 


Pts. per mill. 508 375 190 185 


Grs. per gal. DEY 219 Wt 10.8 


hard scale forms in tubes in six months, 


J 
174 Concrete Materials Co., Dublin a 


0.04 


0.05 


454 


417 
2A. 3 


Chloride 


0.35 


14 


Nitrate 
}O 
NOs 


None 


None 


None 


2.3 


Sulfate 
ion, 
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124 
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Silica, 
102 
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dest os aa 
io i‘. 
fore ede 


15 
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5.0 
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TABLE eX 
Total Total Carbonate Non- 
solids hardness, or tem- carbonate 
No. Description CaCOz porary or per- 


hardness, manent 
CaCO; hardness, 


aCOs 


COLUMBUS—Continued 


175 T. E. Guy, Arlington and Fifth Ave. | 
Drilled well, 58 feet, last 28 feet in sand 
and gravel. Used for watering and heat- Gi Berea 28.0 23.9 18.4 5.5 


ing greenhouse. 


Pts. per mill. 480 410 315 95 


176 Joseph Schoenthal Tron Co., Buttles 
Ave. and Factory St. Driven well, 90 
feet, in sand and gravel. Used for cool- Gia periaal, 52.0 36.2 19.4 16.8 
ing gas engines, 


Pts. per mill. 890 620 332 288 


177 Capital City Dairy Co., First Ave. and . 
Perry St. Four driven wells, 90 to 110} Pts. per mill. 1000 670 302" 368 
feet, ending at rock. Used for cooling 
and condensing. Contains hydrogen} Grs. per gal. 58. 
sulfide. 


(es) 
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\O 
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— 
NI 
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tro 
pe 
we 


178 Same location as No. 177. Well, 100 | Pts. per mill. 73 
feet, ending in rock. Grs. per gal. 42. 


179 Same location as No. 177. Well, 100 | Pts. per mill. 1476 917 322 595 
feet. J Grs. per gal. 86.0 5 18 


180 Washington Brewery Co., Second Ave. 
' and Perry St. Drilled well, No. 1, 109 | 


Co 
io) 
“I 
at 
ra 
ww 


feet ending in rock. Used for cooling | Pts. per mill. 1204 850 
and condensing. Does not pit con- 
densers. Used for making beer but is} Grs. per gal. 70.2 49.6 NNShey/ 9.9 


first boiled. Was tried in boilers but 
gave too much scale. 


181 Same location as No. 180. Well No. 2,| Pts. per mill. 1148 782 287 495 
106 feet. Grs. per gal. 67.0 45.6 16.7 28.9 


182 Excelsior Seat Co. On river road be- 
tween King and Fifth Aves. Drilled 
wells, 51 feet; 6-in. casings. Used in : 
boilers with graphite which prevents Pts. per mill.’ 546 427 267 160 

scale sticking to tubes. Feed water is 

heated in tank by running exhaust 

steam into it after which it pagses to a 


-Hoppes heater, then to boiler. 


(ee) 


Grs. per gal. Sie 24.9 SG 9. 


ww 


ee |) IS 75 


22,4 > 0535 0.88 ACS: 


None 322 


18.8 


0:25 °331 


480 
* a Fis 
ete 8. 002 24.0 1.3 9626) 2108 ee om 
a r va 
te . x neta € 
350 19 Monat 4cs sd aN inf 
20.4 ti ye mee 0.76 3 
326 8.0 None 194 ean 17 182 


19:0. 0,46 ates. 0.99 
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TABLE XX 
Total 
solids 
No. Description 
COLUMBUS—Continued 
183 Same location as No. 182. Drilled well, | Pts. per mill. 520 
32 feet. Used for drinking. Grs. per gal. 30.3 
184 Weisheimer Flour Co., King Ave. and 
Hocking Valley R. R. Drilled well, 90 | . 
feet, 6-in. casing, ending in rock. Used | Pts. per mill. 450 
in boiler with soda ash. Feed water 
preheated with exhaust steam. Scale | Grs. per gal. 26.3 
can all be blown off. There is a little 
trouble from foaming. 
185 Linden Heights School, Cleveland Ave. | Pts. per mill. TD 
and Westerville road, Drilled well, 92 ¢ : 
feet, 5-in. casing. Used for drinking. Grs. per gal. 45.0 
186 T. F. Johnson, 126 Arlington Ave.,| Pts. per mill. 1590 
Linden Heights. Dug well, 20 feet, 
walled with brick. Grs. per gal. 93.0 
187 Farmers Fertilizer Co., Windsor Ave. 
and C.A.& C. R. R. Well, 110 feet, | Pts. per mill. 704 
6-in. casing, ending in gravel. Used in 
condensers. Contains a trace of hydro-| Grs. per gal. 41.0 
gen sulfide. 
188 Same location as No. 187. Dug well, | Pts. per mill. 938 
30 feet, ending in gravel. Grs. per gal. 54.7 
189 National Ice & Storage Co., Fifth and ) 
Naghten Sts. Drilled well, 196 feet, 
6-in. casing to rock at 80 feet. Used in ten ae 
condensers after running over cooling Pts. per mill, — 1548 
tower to get rid of hydrogen sulfide. 
ewig pee Grs. per gal. 
Deposits large amount of sludge in con- rseBen gal meee 
densers. There is also much pitting of 
the tubes and pipes. 
190 Mr. Palmer, Sunbury Pike near Alum Pts. per mill. 664 
Creek. Drilled well, 55 feet, in gravel. 
Flows constantly. Grs. per gal. SS, 7 
191 E. Wightman, Lane Ave. and&Hocking | Pts. per mill. 522 
Valley R. R. Driven well. Grs. per gal. 30.4 


Total Carbonate Non- 
hardness, or tem- carbonate 
CaCOs porary or per- 

hardness, manent 
CaCOs hardness, 
CaCOs 
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397 267 130 
Die: 1526 Te6 
487 432 55 
28.4 Ds. 32 
420 205 DAS 
24.5 1250 WAS 
552 460 92 
SAD 26.8 5.4 
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TABLE XX 


Total Total Carbonate Non- 
solids hardness, ortem- carbonate 
No. Description CaCO; porary or per- 
ardness, manent 
CaCOs hardness, 
aCOsz 
COLUMBUS—Continued 
192 William Salzgeber, Lane Ave. west| Pts. per mill. 532 442 BIE 56 
of Hocking Valley R. R. Dnilled well, 
f0nheers Grs. per gal. 3150 24.0 20.8 333 
193 Fifth Ave. Floral Co., Sells Road. Well : 
No. 1, drilled 87 feet, 6-in. casing, does | Pts. per mill. 426 350 330 20 
not go into limestone. When used alone 
in boilers water is reported to give very | Grs. per gal. 24.8 20.4 19.3 152 
little scale trouble. 
194 Same location as No. 193. Well No. 2, 
drilled, 108 feet, ending in limestone, | Pts. per mill. 430 362 322 40 
6-in..casing. Used in boilers with Pyr- 
amid compound to prevent scale from] Grs. per gal. 25 el ZION 18.8 203 
sticking. 
195 Livingston Seed Co., Sells Road. Well p he ee : 
No. 1, 78 feet, 6-in. casing, ends in ts. per mill. 486 592 290 102 
gravel. Used in boilers with Pyramid Gra eae: 18.4 22.9 16.9 5.9 
compoundtoprevent scale from sticking. 
196 Same location as No. 195. Well No. 2, Mon! Za oe 4 
29 feet, in gravel. Used in boilers mixed Pts. per mill. 698 532 312 220% 
with water from well No. 1. Pumpage 5 
=) (Gre) per eal. , P 18.2 
from the two wells, 15,000 gal. daily. rs Beugale seta! otey as 128 
197 Same location as No. 195. Three dug| Pts. per mill. 1024 647 300 347 
wells, 30 feet. Grs. per gal. 60.0 SMkecil MVE SS) 20.2 
198 Riverside Floral Co., corner of Sells and | Pg. per mill. 638 470 297 173 
River roads. Driven well, 35 feet, end- 
ing in sand. : Grs. per gal. Segoe me AA as 10.0 
199 Franklin County Children’s Home, | Pts. per mill. 972 700 495 75 
Sunbury Pike. Drilled well, 90 feet. 
Contains a little hydrogen sulfide. Grs. per gal. bGo7 40.8 24.8 16.0 
200 Ralston Steel Car Co., East Fifth Ave. 
; Three drilled wells, 75 feet, ending in ; = 
gravel, 8- and 6-in. casings. Used in Pts. per mill. 492 405 397 8.0 
boilers, mixed with rain water. Graphite 9 A 
Ese gal. y Die) 
boiler compound employed, also Coch- Crs, ener nee ee : ad 
ran type feed water heater. 
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TABLE XX 
Total Total Carbonate Non- 
solids hardness, or tem- carbonate 
No. Description aCOz porary or per- 
hardness, manent 
aCOz hardness, 
CaCOs 
COLUMBUS—Continued 
201 Chittenden Hotel, High and Spring Sts.| Pts. per mill. 1578 945 412 533 
Drilled well, 114 feet, 10 feet into rock, : 
6-in, casing. Used for condensing. Grs. per gal. 92.0 55.1 24.0 31.1 
202 Columbus Savings & Trust Building, | Pts. per mill. 1574 955 447 508 
Long and High Sts. Two drilled wells, By 
about 50 feet, contain hydrogen sulfide. Grs. per gal. 92.0 55.7 26.1 29.6 
203 Fairmont Creamery Co., Spring and ; - mn ra 
ReiocsSes, Well No. 15.89 Rectendiag oh ee 
in rock. Water contains hydrogen sul- Ge i, @ F 30-0 18.7 10.2 
fide. Used for condensing. Brapee eal anh, 10. ie on 
204 Same location as No. 203. Well No. 2, | Pts. per mill. 464 310 170 140 
89 feet. Grs. per gal. Dien 18.0 9 ey) 
205 Columbus Railway, Power & Light Co., 
East Gay St. Station. Drilled well, 90 
feet. This was originally 50 feet in depth P 7 3 : : 
but went dry. It was then carried to.90 Spee F 830 455 375 
feet. Water at 90 feet was worse than { 
Grs. 1. 8. B05 
that at 50 feet. Tried in boilers but Se a oo ae oe ae 
caused too much scale and corrosion. 
Drums were pitted. 
206 State House, High and Broad Sts. \ Pts. per mill. 1032 F' 667 415 
Driven well, 100 feet. Grs. per gal. 60.0 | 38.9 24,2 7 
207 Furnas Ice Cream Co., 583 East Long 
Sits Well No. 1, 70 feet, ending in 
gravel, 8-in. casing. Contains’a little | Pts. per mill. 790 Se. 370 207 
hydrogen sulfide. Used for ammonia } 
condensers and for cooling gas engine.| Grs. per gal. 46.1 Segi/ 2G a 
No serious trouble from scale. Pitts the 
pipes. 
208 Same location as No. 207. Well No. 2,]| pts. per mill. 764 595 355 170 
70 feet, ending in gravel. Same proper- 
ties as No, 207, Grs. per gal. 44.5 30.6 20.7 See) 
202 Gwinn Milling Co., East Main St. 
Drilled well, 39 feet, ending in gravel, Pts. per mill. 6G 462 295 167 
8-in. casing. Pumps 50,000 gal. daily. 
Used for condensing. Gave heavy scale | Grs. per gal. SDE 26n9 N72 OT, 


when tried in boilers. 
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TABLE \XX 
Total Total Carbonate Non- 
solids hardness, or tem- carbonate 
No. Description CaCOs _ porary or per- 


hardness, manent. 


CaCO; hardness, 


CaCOs 
COLUM BUS—Concluded 
210 H. Holtzman & Sons Co., 2094 East | . ; ne 
Afaie'St.  Diilled well, 80 feet, ending | 5° Pet mall 9092, fale ee eee 
‘in gravel. Water level 15 feet from Ga. fee eek 40.4 30.9 21.4 9.5 


surface. 


211 G. B. Kauffman, North High St. above | : 
Olentangy Park, Stop 15. Drilled well, | Pts. per mill. 2012 1164 217 947 
173 feet, ending in limestone. Contains 
some hydrogen sulfide. Level of water | Grs. per gal. 117 68.0 1 
73 feet from surface. 


st | 
at 
way 
Nr 


212 Ohio State University, spring on the | Pts. per mill. 616 479 295 184 
campus. Grs. per gal. 3509 DOS) 17 


COSHOCTON 


Samples collected November 9, 1915, 


213 City water. Bridge St. Eleven drilled 
wells, 40 feet, 10-in. casings. One large 
well 28 feet in diameter, 35 feet deep, 
walled with stone. These wells are all 
in gravel and pump 2,000,000 gal. daily. 
The water varies with the stage of the Growers! 8 6 16-4 10.3 rae 
river. Used in boilers in connection n° TA 5 Coe : 


Pts. per mill. 492 


i) 
wm 
to 
i 
~I 
~I 
= 
j=) 
ow 


with a closed heater and some com- 
pound it is said to give but little scale 
trouble. 


214 Coshocton Light & Heating Co., North ‘ ~% 
Fourth St. Drilled well, 77 feet, 6-in. | Pts: per mull. 
casing. Pumps 75,000 gal. daily. Used Gr 3 Ane We 
; ; : : . per gal. 43. 2505 13; 8 
in boilers after softening. ee ade ag : le! MS 
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or 
iss) 
iw 
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to 
» 
wal 
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215 Same location as No. 214. Water soft- 
ened by We-fu-go system. No scale 
and no corrosion but foaming if water is 


Pts. per mill. 546 29 (3) YY 


—— 


over-treated. Average cost of softening, “ 
8 & | Grs. per gal. 31.9 oe Meee 17 


including all items, for a year, was 33 
cents per 1,000 gal. 


10Normal carbonate = 


5 pts. ber mill. or 1.5 grs. per gal. 
Hydroxide 5 i 


5 pts. per mill. or 3.2 grs. per gal. 


eer ir If ili 
nk re ‘om le ba - oe ae 
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TABLE XX 


Description 


INDUSTRIAL WATER SUPPLIES 


OF OHIO 


Total 
solids 


Non- 
carbonate - 
or per- 
manent 
hardness, 
CaCOs 


Carbonate 
or tem- 
porary 

hardness, 


CaCOz 


Toral 
hardness, 


CaCOs 


216 Coshocton Straw Paper Co. 


DAG 


218 


219 


_ 8-in. and three with 6-in. casings. 


COSHOCTON—Concluded 


Four 
driven wells in the gravel, one with 
One 
well yields 100,000 gal. daily. Water is ( 
softened by the Scaife continuous sys- 
No boiler trouble. j 


Grs. per gal. 


tem. 


Same location as No. 216, 
water. J Grs. per gal. 
Mrs. Lina Davis. Farm 5 miles west 
of Coshocton. Driven well, 53 feet in 
gravel. The following curious circum- 
stances were related concerning this 
well. It was sunk in 1887 and gave cool, 
palatable water till in February, 1914, 
when, following a severe wind storm, the 
water suddenly became warm and as- 
sumed a peculiar flat taste. No tur- 
bidity, however, accompanied ~ this } 
change. In the spring of 1915 another 
well was drilled about 50 feet from the 
first one. At 33 feet warm water was 
struck. Drilling was continued to 94 
feet but water still remained warm and 
had a peculiar taste. Actual tempera- 
tures were not taken and in the summer 
of 1915 when temperature readings were 
directed nothing unusual was found. 


Grs. per gal. 


DAYTON 
Samples collected February 8-10, 1915. 


City water. The city water is from a | 
large number of wells sunk into the | 
underlying gravel and from 30 to 60 


feet deep. Grs. per gal. 


The supply is abundant. ) 


Pts. per mill. 


Softened \ Pts. per mill. 


Pts. per mill. 


Pts. per mill. 


472 


Phas 


334 
19. 


oat 


Ge) 


UNormal carbonate = 15 pee Uae mill. or 0.88 grs. per gal 
Analyses by J. W. Elms, U. S. Geol. Survey Water Supply Paper No. 259, p. 204. 
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TABLE XX 
Total Total Carbonate Non- 
solids hardness, ortem- carbonate 
No. Description CaCOsz porary or per- 


hardness, manent 
CaCOz hardness, 
CaCOs 


DAY TON—Continued 


220 Dayton Engineering Laboratory Co., | 
Foundry and First Sts. Drilled well, 


120 feet, gravel all the way. Pumped} Pts. per mill. 354 320 302 18 
250 gal. per minute. Used for drinking, 
heating, and flushing. Graphite boiler | Grs. per gal. 20.6 18.7 17.6 1a 


compound employed. Reported that it 
prevents adhering of scale. 


221 National Cash Register Co., west of 
Main St. between canal and river. | 
Forty-three wells from 35 to 60 feet, 
8-in. casing, passing through various 


strata of sand, gravel, and clay. When | Pts. per mill. 524 425 330 95 


Led 


this raw water was used in boilers it 
caused pitting and hardscale. Itis now | Grs. per gal. 30.5 24.8 ix 55 
softened; in April 1914 the average daily 
amount treated was 167,400 gal. Cost 
of softening reported as about 2 cents 
per 1,000 gal. - 


222 National- Cash Register Co., east of : 
Main St.) Seven wells from 60 to 70\ Pts. per mill, 782 530 342 188 
feet through strata of gravel, clay, hard { Grs. per gal. 45.6 30.9 19e9 OES) 
pan, and ending in gravel. 


223 Speedwell Motor Co., Essex Ave. | Pts. per mill. 360 315 270 45 
Drilled well. Excelsior boiler compound } 
used with this water for making steam, | Grs. per gal. 21.0 18.4 ss 2.6 


a4 


car barns. Drilled well, 33 feet, 8-in. > 
casing, through gravel. Grs. per gal. 36.9 25.4 18s2 Tad 


224 Peoples Railway Co., Bohlander Ave. | Pts. per mill, 630) 435 B49 123 


225 Ohio Rake Co., Albany St. Drilled 


well, 85 feet, ending in rock. Pumps 


60,000 gal. per day. Used in boilers {| Pts. per mill. 564 417 320 97 
with steam purifier and one quart daily 
of Franklin boiler compound. Boilers | Grs. per gal. B20 24.3 18,7 bye 


cleaned every three weeks. Scale does 
not stick. 
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GROUND WATERS OF OH1IO—Continued 


Mag- Cal- Sodium Tron, Bicar- Chloride — Nitrate Sulfate Silica, Free 
nesium, cium, (Potas- Fe bonate ion, ion, ion, SiOe carbon 
Mg Ca sium), jon, Cl NOs SOu dioxide, 
Na HCOs CO» 
30 78 11 0.76 368 8.0 None 17 10 11 
1.8 4.6 0. 64 0:04. 21:5 0.47 ON9 0.58 0.64 
39 106 20 0.6 403 22 1.5 96 6.0 29 
aS 6.2 i? HOt “23-5 URS, 0.09 5.6 OSS ie Cli 


47 134 42 0.2 417 4§ 34 119 10 27 
ZAM 6 7.8 te O:OL 24.3 2,8 2.0 6.9 0.58 16 
32 74 hale, ao) (329 10 None 50 2.0 9.0 
1/9 4,3 0.53 Ore) ASS 0.58 Lao 0.12 0.53 
41 106 33 Os35 ) 281 32 26 95 16 28 
24 6.2 ile) ORO2- “2252 te 125 bod 0.93 1.6 
40 101 24 Gat) 320 a2 18 76 32 15 
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TABI, XOX 


Description 


226 


227 


Z2g) 


230 


DAY TON—Continued 


Beaver Soap Co., Concord and Scovil 
Sts. Driven well, 95 feet, 3-in. casing, 
in sand and gravel. Level of water 15 
feet from surface. Pumps 30,000 gal. 
daily. Used in soap making and in boil- 
ers. Treated in 200 H. P. open heater 
before entering boilers. Heaters cleaned 
every four weeks, nearly full by this 
time. Boilers cleaned twice a year, 
blown off every two hours. Soda ash 
formerly used but caused trouble from 
foaming. Graphite used in boilers now 
and found very satisfactory. 


4 


Aetna Paper Co., Columbia and Cin- 
cinnati Sts. Driven well, 40 feet. Teén 
wells, 7- and 8-in. casings, on the prop- 
erty, one 80 feet-deep. Sample is from 
this well and another one of same loca- 
tion, 80 feet deep, to second layer of 
gravel. Combined pumpage, 1,500,000 
gal. per 24 hours. Used for boiling rags 
and washing paper; also in turbine boil- 
ers along with boiler compound. Forms 
hard scale sticking to tubes. ] 


Reynolds & Reynolds Co., Washington | 
and Dudley Sts. Driven well, 8-in. cas- 
ing. Pumps 50 gal. per minute. Used 
in Sterling water tube boilers with open 
heater. Fifteen pounds sal soda used 
daily. No scale trouble. | 


Kuhns Bros. Co., Eaton Ave. aes 


well, 94 feet in gravel. 


Sucher Packing Co., Western Ave. and | 
Dakota. Drilled well, 40 feet, 6-in. | 
casing, in gravel. Used in cortdensers 
and boilers. Softened with lime and 
soda ash. No scale trouble. 


Pts. 


Grs. 


Ress 


Grs. 
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per mill. 


per gal. 


per mill. 


per gal. 


per mill. 


per gal. 


per mill. 


per gal. 


per mill. 


per gal. 
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TABLE XX 
Total Total Carbonate Non- 
solids hardness, ortem- carbonate 
No. Description CaCOs porary or per- 


hardness, manent 
CaCO: hardness, 
CaCOs 
ie ee ee ee 


DAY TON—Continued 


231 A. A. Simonds Sons Co., Summit and 
Naegley Place. Two wells, 52 and 90 


feet, 6-in. casings, connected to one | Pts. per mill. 348 295 245 50 
pump. Used in boilers with soda ash 
and graphite. Open heater also em-| Grs. per gal. 20.3 GP 14.3 Hes) 
ployed; but little sludge precipitated in 
ite 

232 Same location as No. 231. Well 48\| Pts. per mill. 402 327. 265 62 
feet. { Grs. per gal. 23:42 NGC tae 3.6 


233 Maxwell Motor Co., Leo St. Drilled 
well, 55 feet, 6-in. casing. Level of 
water, 15 feet from surface. Pumps 100 
gal. per minute. Used in Erie City and 
Gem City 150 H. P. fire tube boilers. | Pts. per mill. 476 370 270 100 
Two barrels Arrow boiler compound 
employed in four months. Feed water | Grs. per gal. 27.8 21.6 1528 5.8 
entrance clogs if not closely watched. 
Soft scale with a little hard scale. Re- 
turn water from heating system also 
used in boilers. 


234 Dayton Pipe & Coupling Co., Edmund 
and C.H. & D. R. R. Drilled well, 59 
feet, in sand and gravel bed. Used for Grstpenteat 6.9 21.6 17.2 oa 


cooling around furnace. 


Pts. per mill. 462 370 295 75 


235 Barney & Smith Car Co., Monument 
and Keowee Sts. Six drilled wells, | Pts. per mill. 782 550 382 168 
average 75 feet. Composite sample. 
Scales more than canal water. Used | Grs. per gal. 45.6 BO a 223 DES 


for fire protection and drinking. 


236 Dayton Gas Co., East Monument Ave. A; 
and St. Clair. Driven well, 60 feet, 8-in. Pts. per mill. 442 362 277 85 


casing, through hardpan. Copious iron Giscpereae 25.8 11 16.2 5.0 
precipitate in pipes. 


237 Reibold Bldg., Fourth and Main Sts. 


Drilled well, 80 feet, 8-in. casing, in| Pts. per mill. 478 Sylil 312 65 
gravel. Pumps 200,000 gal. per day. 
Used in boilers with lime and soda ash. | Grs. per gal. Aff) 22.0 18.1 3.8 


No scale. 
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GROUND WATERS OF OHIO—Continued 


Sodium 
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Na 
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Silica, 
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TABLE XX 
Total Total Carbonate Non- 
solids hardness, ortem- carbonate 
No. Description aCOsz porary or per- 
hardness, manent 
CaCOsz hardness, 
aCOs 
DAY TON—Concluded 
238 Brownell Co., Findlay St. Drilled well, 
50 feet, 8-in. casing. Used in boiler with 
open heater and soda ash. Heavy pre-| Pts. per mill. 452 390 302 88 
cipitate in heater. Heater cleaned 
every two weeks. Two wagon loads| Grs. per gal. 26.4 22.8 17.6 Seal 
mud obtained. Boilers washed down 


every two weeks. 


239 Dayton Manufacturing Co., Third and 
Garfield Sts. Driven well, 34 feet, 4in. | Pts. per mill. 814 525) 287 238 
casing. Used in shell boiler with 
Arrow compound. Open heater also | Grs. per gal. 47.5 30.6 16.7 1329 


employed. Heavy precipitate in heater. 


240 Davis Sewing Machine Co., Davis St. 
and Linden Ave. Four driven wells, 35 | Pts. per mill. 630 495 360 135 
to 40 feet, 6-in. casings. Pumps 10,000 ;° 
gal. per day of 10 hrs. Use boiler com- | Grs. per gal. 36.8 28.9 21.0 LS) 


pound. 


241 Excelsior Laundry Co., Sixth and Logan 
Sts. Driven well, 70 feet. Use 350 lbs. 


soda per week but no lime. Capacity of G 
: . iY Romy 26. ; 
softener 15,000 gal. per hour. vue . ee ae oa 


Pts. per mill. 620 445 330 115 


242 Schantz & Schwind Brewing Co., Foot 


and Perry Sts. Seven drilled wells. | Pts. per mill. 484 375 305 70 
Composite sample from four wells, 50, 
100, 50 and 60 feet. Softened with lime | Grs. per gal. 28.0 2250 18.0 4.1 


and soda ash. 


243 Troy Pearl Laundry Co., 32 W. Zeigler 


St. Drilled well, 33 feet, 8-in. casing. | Pts. per mill. 562 447 355 2 
75,000 gal. daily. Softened at estimated 
cost of 2 cents per 1,000 gal. No scale| Grs. per gal. S5m0) 26.0 2130 5.4 


trouble in boilers. ; 


244 Dayton Breweries Co., Apple and 
Brown Sts. Two drilled wells, 70 feet, 
8-in. casing. Use water softener em- 
ploying lime and soda ash. Had much G 
scale trouble before softener was put in. Te Berea 4050 fare ee ee 
Open heater is used after softener. 


Pts. per mill. 784 505 325 180 


i Piigee. 
bonate 


HCOs 


0.2. 433 


OF0L 5 25:6 


0.4 396 
te 35,4 


Chloride Nitrate Sulfate Silica, Free 
ion, ion, on, SiOz carbon 
NOs; SO4 dioxide, 

CO * 


26 16.5 74 6,0 36 243 


oS 0.96 CH ee ie ORC Zid} 


50 38 110 14 26 244 
Ze) 22 6.4 0.82 5 
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INDUSTRIAL WATER SUPPLIES OF OHIO 


TABLE XX 
Total Total Carbonate Non- 
solids hardness, or tem- carbonate 
No. Description CaCO3 porary or per- 
{ hardness, manent 
CaCOz3 hardness, 
aCO3 
DELAWARE 
Samples collected June 2, 1915. 
245 City water. Seventeen wells, 26 to 30 
feet, in gravel; two wells, 90 feet, in 
1 ; j 22 i : 
limestone; and three wells, 220 feet, in Pin Seal 552 400 570 130 
porous rock, These last two wells pump 
100,000 gal. each in 24 hours. The Gros pereal 32.2 23.3 15.8 76 
group of wells pumps 900,000 gal. daily 
and is located three miles north of the 
city. 
246 C. D. & M. Power Plant. Stratford, . 
A 2 
south of city. Well probably 200 feet Pts. per mill. 880 655 420 235 
deep. Flows naturally in wet seasons, Grespen eal 51.0 38.2 24.5 13.7 
at other times must be pumped. 
247 Same location as No. 246. Olentangy | Pts. per mill. 478 310 DAD 98 
River water. Grs. per gal. DES Set 12.4 Dei 
DENNISON 
Samples collected November 11, 1915. 
248 City water supply. Stillwater Creek. 
Water is treated with a coagulant and ; ; 
filtered through a rapid sand filter. Pts. per mill. 262 180 152 28 
Chloride of lime is also used at times x 
Grs. per gal. Sas a5 : 
to kill bacteria. This water is likewise reapers 4 eS Bee i 
supplied to Uhrichsville. j 
249 Same location as No. 248. Raw creek] pts. per mill, 284 189 152 37 
water. Was formerly used in boilers 
but gave scale. Grs. per gal. 16.6 HE 8.9 222 
DUNDAS 
Samples collected in 1916. 
250 S. J. Benner, Lockland Farm. Pond | Pts. per mill. 54 16 12 4.0 
about 3 acres in extent. Grs. per gal. Sy) 0.93 0.70 O28 
251 Same location as No. 250. Spring. | Pts. per mill. Ly 18 15 320 
30 ile! 0.88 0.18 


EAST LIVERPOOL 


No analyses. City gets its supply from | 
Ohio River. Wells of the neighborhood \ 


are reported hard. j 


Grs. per gal. 


eee eee ee eeoe 
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GROUND WATERS OF OHIO—Continued 


Mag- Cal. Sodi on, icar- ~hloride itra ulfate ilic Tree 
nesitim, cil, ‘Povae ie teaare wren Wie : ie iso or ree si: 
a sium), jon, SOu ioxide 
te) Na HCOs a = i 
34 104 16 1.0 329 8.0 OL 25 52 44 6.0 245 
2.0 6.0 0.93 0.06 19eS 0.47 0.02 8.9 26 0.35 
59 164 20 1.9 512 6.0 0.60 246 76 65 246 
3.4 955 iz 0.11 29.9 O35 0.04. 14.4 4.4 3.8 
30 74 24 0.9 259 10 4.5 130 48 5.0 247 
1.8 4.3 1.4 0.05 {5c 0.58 0.26 Lie 2.8 0.29 
11 54 38 Of 185 8.0 None 62 None 6.0 248 
bY Se i RE 22 0.01 10.9 0.47 3.6 0.35 
12 56 39 ee) 185 8.0 0.75 58 6.0 11 249 
0.70 3.3 fhe 0.06 10.9 0.47 0.04 3.4 0.35 0.64 
24 2.4 HEA, 0.8 15 6.0 None 8.4 kee sae ae 250 
0.14 0.14 0.41 0.05 0.85 0.35 0.49 
2.4. 3.2 7% O:9°7 -18 6.0 175 2.0 251 
0.14 0.19 0.44 0:02 LO7 0.35 0.09 OA12 


No. 


296 INDUSTRIAL WATER SUPPLIES OF OHIO 


TABLE XX 


Total 
solids 
Description 


Total 


hardness, 


CaCO; 


Carbonate 
or tem- 
porary 

hardness, 
aCOs 


Non- 
carbonate 
or per- 
manent 
ardness, 
CaCOs _ 


DSB 


255 


254 


255 


EAST PALESTINE 


No analyses. The McGraw Tire & Rub- 
ber Co. reports two wells, 200 and 250 
feet, ending in sandstone, as giving 
a hard, slightly salt water which causes ; 
foaming sae leismused for COOling mm ena terre aetna 
city supply is from two drilled wells, 200 
feet, and two dug wells, 20 feet, in white 
sandstone. Capacity of the four wells 
400,000 gal. Water forms scale in 
boilers and foams s‘ightly. 


EATON 


No analyses. City supply is from wells 
and is reported hard. 


ELYRIA 
Samples collected August 24-25, 1915. 


City water supply. Lake Erie water | 
purified for drinking by treating with 
ferrous sulfate as coagulant and filter- | Pts. per mill. 172 
ing. The Western Automatic Screw } 
Co. uses the city water in its boilers | Grs. per gal. 10.0 
with Dearborn compound. Without the 
compound there would be scale trouble. 


Cleveland & S. W. Power Plant. Water ah y 
from W. Branch, Black River. Used in Pts. per mill. 486 
boilers, with open feed water heater. ; 

Makes hard scale. sSrea pes ee es 


Fox Furnace Co., Fox Ave. Water from 
a pond, partly surface supply and partly 
fed by springs. No scale trouble re- 

‘ Grs 
ported, 


Pts. per mill. 226 


. per gal. [See 


Columbia Steel Co. Water from an 
abandoned quarry fed by springs. At 
time sample was taken there had been | Pts. per mill. 428 
heavy rains and water was turbid. 
Sample was taken from discharge pipe | Grs. per gal. 25.0 
of pump, intake being at bottom of 
quarry. Water is used for pickling. 
% 


“Normal carbonate = 10 pts. per mill. or 0.58 grs. per gal. 


110 


haa 


104 


Gal 


245 


g5i8 


DO 


Sy 


8.9 


90 


523 


Doi 


98 


oa 


14 


None 


fs Chloride Nitrate Sulfate gee bikie 
fon, ion, 10 iO carbo 

ate cr Os $0; 

en COs x : 


a. SCT ae) 


(2:0). “Neneu eases 


ey) 0.62 Res Oo saer. t.29 3. 0.11 
4 
33 4.2 185 12 2.0 97 26°) 2) 802) eae 


at wm 39 6.23" 10,9 C70" 12 oat ES. TAG.2 


20 1.6 110 pada sd pe oe +2 15) pee 
2 oe gn A 0.09 6.5 Re An tp ae a | G:704.. 076 


2205 L343 16 225 69 22 32 “a5 


POP12 483 0.92 O15. 420 ding Lee 
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TABLE XX 

Total Total Carbonate Non- 
solids hardness, or tem- carbonate 

No. Description CaCOs porary or per- 
ardness, manect 

CaCOs hardness, 

aCOsz 

ELY RIA—Concluded 
256 Same location as No. 255. Sample] Pts. per mill. Wis 156 147 9.0 
taken from surface of water in the 

quarry. Grs. per gal. Ni! Sal 8.6 0.58 


257 Western Automatic Screw Co., Lake Pts. per mill. 794 446 215 231 
Ave. Drilled well, 27 feet, 12 feet in 


rock, 6-in. casing. Used for drinking. Grs. per gal. 46.3 26.0 1225 13.4 
258 Harshaw Fuller & Goodwin Co., Center 

St. East Branch, Black River. Water} Pts. per mill. 380 171 112 59 

was at high stage when sample was 

taken. Used in boilers with Arrow com-| Grs. per gal. PIDs i 10.0 6x5 Be 

pound. 


259 Fire Department No. 1. Court and|- p;, 
Second Sts. Well, 25 feet. Used for 
drinking. Grs. per gal. 67.0 38.0 Zee 12.6 


.per mill, 1144 . 651 435 216 


FINDLAY 


Samples collected July 22, 1915. 


260 City supply. Twelve wells, 60 xe 


located about 11 miles southeast of the | Pts. per mill. 388 301 250 51 
city. A 24-in. vitrified tile conduit 
conveys the water to the town. Pump- | Grs. per gal. DI WS) 14.6 B20 


age 1,500,000 gal. daily. 


261 Grant Motor Car Co. Drilled well, 


1600 feet, is. believed to end in sand, | Pts. per mill. 1080 529 132 397 
Water level 20 feet from surface. Used 


in boilers with closed heater. Graphite | Grs, per gal. 63.0 30.8 thedl 23z0l 
added. Hard scale forms. 


262 D. Kirk Flour Mills, E. Sandusky.| pyg 
'Eagle Creek, at flood stage. Used in 
boilers with Hawkeye compound. Grs. per gal. 23.4 12.4 9.4 3.0 


. per mill. 402 213 162 51 


263 Adams Truck, Machine and Foundry | py, 
Co. Drilled well. Used in boilers, gives 
much scale. Grs. per gal. 61.8 39.0 1D 19.4 


. per mill. 1060 669 337 332 


14.6 
0.85 


36 
ook 


15 


0.88 


79 
4.6 


30 


Cal- 


bo 


4 
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Sodium 

(Potas- 

sium), 
va 


— 
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Sef 


On 
~ 
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Tron, 


e 


0.09 


0.04 


0.2 


0.01 


O53 


0.02 


3.6 
0.21 


0.3 


0.02 


Bicar- 
bonate 


ion, 


HCOs 


eae, 
10.5 


161 


Chloride 


1On, 


Al 


90 
Se: 


4.0 


Nitrate 


ion, ion, 


NOs S 


None 48 
None 189 
1 


Os88" 13, 


15 56 


None 402 


16 53 
0.93 3 
esr 2 41 
0.08 14 


Sulfate 


Silica, 


SiOz 


24 
1.4 


16 
0.93 


58 


3.4 


22 
Mare 


8.0 


0.47 


1.6 
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11 256 
0.64 

75 257 
4,4 

5.0 258 
0.29 
32 (259 
Ge) 

12 260 
0.70 

4.0 261 
0.23 

5.0 262 
0,29 

3 263 
2.0 


300 


AB COX 


No. Description 
FINDLAY—Concluded 

264 National Refining Co., West Lima St. 

Five drilled wells, 250 feet, into lime- 
stone. Contains some hydrogen sulfide. | Pts 
Wells were originally 100 feet deep and 

went dry when heavy pumping from| Grs 
sugar factory near by began. Used in 
boilers, gives hard scale. 

265 Continental Sugar Co., West Park.’ Pts 
Drilled well, 25 feet, into limestone. 
Gives much scale in boiler. Grs 

266 Krantz Brewing Co. Drilled well, 150 Pts 
feet, 6-in. casing. Was originally a gas 
well. Used for cooling and condensing. | Grs 

FOSTORIA 
Samples collected July 26, 1915. 

267 City water. Water is from Portage 
River filtered through a slow sand] Pts 
filter. The T. F. & F. R. R. Co. uses 
this water in its boilers and reports that | Grs 
it gives very little scale and sludge. 

268 Toledo, Fostoria & Findlay R. R. Co. Pe 
Drilled well, 85 feet, 45 feet in lime- 
stone, 5-in. casing. Was tried in boilers G 

rs 
but gave too much scale and sludge. 

269 Harter Milling Co., Findlay Road.| Pts. 
Well, in the rock. Grs. 

270 Fostoria Ice & Coal Co., E. North St. 
Drilled well, 70 feet, tothe rock. Water 
level 8 feet from surface. Softened with | Pts 
lime and soda ash. System js a con- 
tinuous one depending entirely on set- | Grs 


tling to give clear water. Used in boil- 
ers gives very little soft scale. 


. per mill. 


per ale 


. per mill. 


. per gal. 


. per mill. 


. per gal. 


. per mill. 


7 per gal. 


. per mill, 


. per gal. 


per mill. 


per gal. 


. per mill. 


. per gal. 


INDUSTRIAL WATER SUPPLIES OF OHIO 


Total 


Total 


Carbonate 


solids hardness, or tem- 
aCOs porary 
hardness, 
aCOs 
762 499 302 
44.4 29.1 L7G 
476 358 Die. 
27.8 2059 16.2 
1350 504 252 
79.0 29.4 14.7 
264 136 12 
15.4 8.0 fhe 
1512 862 167 
88.2 50.3 DAT 
1462 814 125 
85.0 47.5 Me) 
1280 748 202 
74,7 43.6 11.8 


Non- 
carbonate 
or per- 
manent 
hardness, 
CaCOs 


197, 


147 


14 


695 


40.6 


689 
40.2 


546 


31.8 


1 Bicar- Chloride Nitr 1 i 
ron, wre ce itrate = Su dd aoe 
HCOs 


0.2 


338 45 91 
0.01 19.8 O25; (5,3 
5 et ‘ 
, : : ¢ 4% ge 
P51 ug 217 O83 SOF 372 “None 18 de Soe 
ae 69 19-%— O05 179 21.7 105% 6. Ligon. MEhe me 
. i 
ie 
‘ Ree <1 = ¢ 
4.9 46 30 1.4 149 so) “6 47 12 4.3 “Rare 
0.29 7 1.8 Ome 6.7 735" O82). 287 0:70 0123 
gd 
ry pee . I 
a ee 18. 204 — 20 1.0 600 24 8.0 268 
Mee ic FSG UNL 18 81.2 «(0106 35.0 OE 
P 73 206 98 1.8 152 22 None 572 10 10: Sep 
si 4, 0.1 1.3 i eames Oe. Se cH 
20 0.5 512 30 be 270 « 
12) 50003. 129.9. 


No. 


Typ 


272 


273 


274 


275 


276 


302 INDUSTRIAL WATER SUPPLIES OF OHIO 


TABLE XX , 
Total Total Carbonate Non- 
Ree. solids hardness, or tem- carbonate 
Description CaCOsz porary or per- 


hardness, manent 
CaCQOs hardness, 
CaCO: 


FOSTORIA—Concluded 


National Carbon Co., Town and Tiffin 
Sts. Drilled well, 200 feet, 8-in.casing. 
Water level 10 feet from surface. Has 
pumped 2,000 gal. per day. Softened| Pts. per mill. 1602 869 175 694 
by “American” system with caustic 
soda and soda ash. This softened water | Grs. per gal. 93.4 50.7 10.2 40.5 
in boilers gives very little trouble. The 
raw water gave much scale and also 
caused foaming and priming. 


Peabody Vehicle Co., W. Union St. 
Drilled well, 99 feet, 87 feet in rock, 
4-in. casing. Water level 16 feet from 
surface. Pumpage 5,500 gal. per 10 
hours. Used in return tubular boilers 


with potatoes, 3 bu. every two weeks. | Pts, per mill. 498 333 245 88 
Water is fed by injector which clogs 

up with scale and must be cleaned every | Grs. per gal. 29.0 19.4 14.3 Sai 
3 days. Before using the potatoes more 

scale trouble was experienced. The 


potatoes are reported “‘to prevent scale 
to some extent and keep loose that 
which does form.” 


FREMONT 


Samples collected February, 1916. 


Fremont Grape Juice Co., 319 Concord) Pts. per mill 466 369 

Place. Well, 178 feet. Causes scale in : a a 
boilers. Grs. per gal. ZRD 215 19.4 ep) 
Fremont Simple Account Sales Book : 

Co., corner Jackson and Napoleon Sts. Pts. per mill. 444 324 340 None 
ope 135 feet. Causes scale in boil- Grater aah 25.9 18.9 19.8 


Henkel Manufacturing Co., 223 Pros- Pts. per mill 1730 

> 3 : 10 
pect Place. Well, 93 feet. Causes scale 7s os oA 88 
in boilers. i >| Grs. per gala 1O0L;0" » "630 tied ie 


Fremont Brewing Co., +36 N.*Clover Person 

: . 454 
St, Welk 100-fecr) 1 Cancessealeaen ue 370° 933 48 
boilers. Grs. per gal. 26.5 cA wea 18.8 28 
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GROUND WATERS OF OHIO—Continued 


Mag- Cal- Sodium Iron, Bicar- Chloride Nitrate Sulfate Silica, 
nesium, cium, (Potas- Fe bonate ion, ion, ion, SiOz 
Meg Ca sium), ion, cl NOs SOu 
. Na HCOs 


303 


Free 
carbon 
dioxide, 

2 


No. 


~~ sor Sp peeeenemeseaneemmenemeeesenes eee eae 


84 210 78 gee 243 28 ie 2572 32 


4.9 Se: 4.6 O2t3: = 1234 1.6 0.08 33.4 Hoe 


36 73 4.0 0.16 299 10 35 58 38 
2-1 4.3 0.23 O0L 1724 0.58 20 3.4 Dae 
35 90 25 OS » 405 6.0 Ney 65 
20 Se) Ee UE Une ave 0.35 0.10 3.8 
46, 54 42 O73 415 4,0 35 48 onnc 
xt] NG DES 0.02 24.2 0.23 0.20 2.8 pret 
92 280 by Wo 234 18 0.5 882 


5.4 16.3 3.0 Ox09F 37 uh O03 e544 


34 92 23 On7) 9393 6.0 Or 255 9.68 
2.0 5.4 id} O10£ 22.9 0.35 0.02 ty ae 


12 


15 


22 
1s, 


PyA| 


Pile: 


273 


274 


275 


276 


No. 


277 


278 


BES 


280 


281 


282 


283 


284 
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TABLE XX 


Description 


FREMONT—Concluded 


Trommer Extract of Malt Co., 121) py, 
S. Arch St. Well, 57 feet. Causes scale 
in boilers. rs. 
Ohio Light & Power Co., 922 Garrison Pes 
St. Well, 160 feet. | Causes scale in 
boilers. Grs 
GALION 
Samples collected September 24, 1915. 
City water. Eight driven wells, 65 feet, 
6- and 8-in. casings. Used in boilers | Pts 
with open heater and ‘“Pearline” and } 
graphite. | Not much sludge in heater. | Grs 
Scale in boilers easily removed. 
Galion Brewing Co., Lincoln Way, 
West Galion. Drilled well, 107 feet, | Pts 
8-in. casing. Pumps 12,000 barrels 
daily. Used in boilers with soda. Scale | Grs 
does not stick to tubes. 
Galion Lumber Co., S. Market and 
Big Four R. R. Drilled well, 90 feet, P 
4-in. casing. Pumps 1,600 gal. daily. s 
Used in boiler with heater and Arrow Gis 
compound. No scale trouble. Heater 
removes much scale. } 
Peoples Pate Ice Co., Heidelberg St. 
Well, ‘‘at least 160 feet deep,” 6-in. | Pts 
casing. Used in condensers and boilers. 
Hard scale forms on condensers. Grdph- | Grs 
ite is used in boilers. 
E. M. Freese & Co., South St. Well, 
80 feet, 4-in. casing. Mixed with rain Pts 
water is used in boilers. Gives hard G 
rs 
scale. 
GALLOWAY 
Sample collected summer of 1915, 
\ Pts. 


Helen M. Abbot, R. F. D. No. ], well. 


per mill. 


per gal. 


. per mill. 


. per gal. 


. per mill. 


. per gal. 


. per mill. 


. per gal. 


. per mill. 


. per gal. 


. per mill. 


. per gal. 


. per mill. 


. per gal. 


per mill. 


J Grs. per gal. 


MNormal carbonate = 25 pts. per mill. or 1.5 grs. per gal. 


Total 
solids 


868 
50.6 


492 
28.7 


1216 


OES 


486 


28.4 


830 


48.4 


572 


33.4 


1242 


(os 


510 
29.8 


Total Carbonate Non- 
hardness, ortem- carbonate 
aCO3 porary or per- 
hardness, manent 
CaCOz hardness, 
516 400 116 
30.1 2323 6.8 
394 332 62 
SAD) 19,4 one 
870... 370. "50a 
50.7 21.6 29.2 
263 312 None 
T5e3 1SSu 
601 382 219 
35.0 225 127, 
274 382 None 
16RON Wee 5S 
830 375 455 
48.4 IES, 26.6 
440 345! 
Dey Af 20h 5S 


ie © “hy i 
ages th! 
i * * 
{ 4 


< x , ' 
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GROUND WATERS OF OH1O—Continued 


Mag- Cal- | Sodium Iron, Bicar- Chloride Nitrate Sulfate Silica, Free No. 
nesium, cium, (Potas- Fe bonate ion, ion, ion, SiOz carbon 
Mg Ca sium), ion, Cl NOs SO« dioxide, 
: Na HCOs r COs 
53 118 lll 0.6 488 128 300. a9 ee ate 70 GAT) 
But 6.9 6.5 0.04 28.4 e255 0.18 6.9 Mine 4.1 
36 98 23 0.4 405 6.0 0.8 78 ed 29 278 
SG | raf i3 024) 123.7 0.35 0.05 4.6 Neate I / 
61 248 47 0.16 451 22 ide, meee le) savas 54 279 
3.6 14.5 27 0.01 426.4 3 0.44 22.8 svete in| 
30 55 71 0.9. 331 8.0 Fo) 90 36 vil 280 
1.8 eens RS Ps OA WANES or Je ED 
52 154 26 0.3 466 18 Ted at 189 12 Acid 281 
3-0 8.9 1.5 0202. 27:2 At 0.09 10.9 0.70 


46 34 109 OF3. 8466 6.0 SHOR A100) 28 733 282 
eat 2.0 6.4 0.02 27.2 0.35 0.13 5.8 176 oe: 

63 228 52 12 C457 12 None 396 20 a8 283 
Sed, 15.3 3.0 0.07 26.7 0.70 23e.1 2 ise 

44 ‘104 16 421 10 72 36 None 284 


0.4 135 
ING) 6.1 0.93 0502 -24.5 0,58 0.09 4.2 Za 


No. 
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Description 


285 


286 


287 


288 


289 


290 


291 


ao? 


GIRARD ° 


Sample collected summer of 1915. 


Albert A. Miller, well, 35 feet, in shale. } 


HAMILTON 
Samples collected April 5-6, 1915. 


City water. Twenty wells, 100 feet, 
6-in, casings, and 2 wells, 100 feet, 8-in. 
casings. All pumped together. 


Hoover Owens & Rintschler Co., Fourth 
and Heaton Sts. Drilled well, 44 feet, 
3-in. casing, in gravel. Supply is cut 
down by pumping at other plants. Used 
for drinking. 


Same location as No. 287. Two wells, 
70 feet, 8-in. casings, ending in gravel. 
Used in condensers. Was tried in boil- 
ers but gave scale trouble. 


Beckett Paper Co., Fourth and Buck- 
eye Sts. Ten driven wells, 70 to 108 
feet, 5- to 10-in. casings, in gravel. 
Pumpage 2,500,000 gal. daily. Softened 
with lime and soda ash by We-fu-go 
system. : 


Black-Clawson Co., Second and Vine 
Sts. Drilled well, 59 feet, 8-in. casing, 
in gravel. Water level 30 feet from 
surface. Used in boiler with open feed 
water heater. Electric compound em- 
ployed. Some hard scale. 


Niles Tool Works Co., Third and Mill 


Sts. Three drilled wells, 45 feet, al 


casings, in gravel. Used for drinking. 


Same location as No. 291. River water | 


TABLE XX 
Total Total 
solids hardness, 
a 3 

Pts. per mill. 4848 2487 
Grs. per gal. 283.0 145.0 
Pts. per mill. 414 Boe 
Grs. per gal. 24.1 19.4 
Pts. per mill. 524 407 
Grs. per gal. 30.5 23 
Pts. per mill. 454 382 
Grs. per gal. 26.5 223 
Pts. per mill. 420 365 
Grs. per gal. 24.5 DiS 
Pts. per mill. 422 347 
Grs. per gal. 24.6 20.2 
Pts. per mill. 584 472 
Grs. per gal. 34.0 229 
Pts. per mill. 390 307 
Grs. per gal. 22.8 iS 


which enters town through a race and ef 


used in boliers by several plants. 


Carbonate Non- 
ortem- carbonate 


porary or per- 
hardness, manent 


CaCOz hardness, 
CaCO. 


520 


30. 


18. 


301 


17. 


302 
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367 


2s 


222 
12 


1967 

OP Pag et8) 
47 

6 sil 
92 

4 5.4 
81 

6 Dal 
60 

8 3.5 
45 

6 2.6 
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4 6.1 
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GROUND WATERS OF OHIO—Continued 
Mag- Cal- Sodium Iron, Bicar- Chloride — Nitrate Sulfate Silica, Free No. 
nesium, cium, (Potas- Fe bonate ion, ion, ion, SiO2 carbon 
Me - Ca sium), ion, cl NOs SO, dioxide, 
Na HCOs CO2 
367 391 304 Oo. 3 634 68 0.25 1890 12 91 285 
21.4 2249 LW Ee 0.02 36.6 4.0 OsOl~ ULO..0 ON? Sie) 
29 85 23 Te 2 SaS 8.0 1.0 54 14 11 286 
are 5.0 13 0.43 20.3 0.47 0.06 Sh 72 0.82 0.64 
41 95 25 0.3 384 22 oS 96 14 15 287 
2.4 Lye i 0.02, 22.4 Nee, 0.13 5.6 0.82 0.88 
35 95 11 0.4 367 16 220 71 28 15 288 
2.0 5.5 0.64 O02) 22495 0.93 OL 12 4.1 6 0.88 
32 94 8.1 Ort, 372 12 Sas 62 18 19 289 
1.9 cafe! 0.47 OO 2hy 2407, 0.70 ORsZ 3.6 1a ral 
37 WE 18 0.3 °° «©6368 10 Dae 67 24 18 290 
22 4.5 Lat D.02-" 21°5 0.58 0.32 229 1,4 ie 
44 117 21 Os 448 20 Hold 98 18 34 29) 
2.6 6.8 Ls2 O01” s26u 1 12 0.41 Daf ed 2.0 
oH 79 10 ce are 8.0 8.5 56 18 None 292 
1.6 4.6 0.58 OFT 1507 0.47 0.50 3x3 Let 


308 INDUSTRIAL WATER SUPPLIES OF OHIO 
TABLE XX 
Total Total Carbonate Non- 
solids hardness, ortem- carbonate 
No. Description CaCOs porary or per- 


hardness, manent 
aCOz hardness, 
CaCOs _ 


HAMILTON—Continued 


293 Champion Coated Paper Co., B. St. 
Five drilled wells, 100 feet, 8-in. casings. 
Pumpage 4,000 gal. per min. for 24 hrs. 


Softened by We-fu-go system with] Pts. per mill. 394 330 267 63 
lime. A little soft scale in boilers. 
Dearborn compound used in addition | Grs. per gal. 2310 19.3 15.6 3) if 


to softening. Reported trouble from 
pitting when soda ash was used. Open 
heater also employed. 


294 Mason Brewing Co., South C. St. Two 
drilled wells, 110 and 118 feet, 8-in. F 4 : 
casings. Pumpage 10,000 gal. per day. Pts. per mill. 640 457 375 82 
Used in condensers and boilers. Hawk- Ga 


. per gal. SH/58: 2600 21.9 4.8 
eye compound employed, Hoppes open 
heater. Hard scale forms. 
295 Shuler & Bennighofen, Lindenwald.| Pts. per mill. 372 317 285 35 
Drilled well, 60 feet, ending in gravel. 
Used for drinking. Grs. per gal. PN 18.5 16.6 19 
296 Same location as No. 295. Erie Canal P : i. 
' water. Used in boilers after softening ts. per mill. 384 310 222 88 
with lime and soda ash, Kennicott sys- G 
tem. Preheated in closed heater. Esa Det eal ees apa a 524 
297 Hamilton Tool Co., Lindenwald. Driven ; : 
well, 60 feet, ate casing, in gravel. Pts. per mill. 392 315 250 65 
Used in boiler with open: heater gave ; 
Pe aa Grs. per gal. AGES) 18.4 14.6 3.8 
298 H. P. Deuscher Co., Hanover and] Pts. per mill. 514 385 302 83 
Seventh Sts. Driven well, 60 feet, 3-in. 
casing. Used for drinking. Grs. per gal. 30.0 2255 17.6 4.8 
299 Estate Stove Co., East Ave- 
driven wells, 60 feet,5- and 6-in. casings. 
Pump 50,000 gal. daily. Used in boilers ; 
with open heater. Dearborn compound ts. per mill. 418 360 292 68 
employed. Compound was changed 
three times. Water seemed to be Che eee as eh) 17.0 4.0 


changing. Without compound hard 
scale is given. Compound softenis it. | 


Normal carbonate = 15 pts. per mill. or 0.88 grs. per gal. 


Sony Sodium —_Iron, care 
san ae- Fe onate 


Hedy 


8.0 
0.47 


83 
ran 


\ 
74 11 0.24 271 


ee I.8 


teem’ 
ee 80 4.5 0,34 305 


ih 


4.3 O6t O.0f- 15,7 


Meee 4.7 0:26. «0,02 17,8 


ame? 98 22 0.6 368 
“ Ct! eat De 1-3 0.04 21.5 


— 33 90 ~=—«:10 He 456 


mae tae. 58 0,01 «. 20.7 


No. 


300 


301 


302 


303 


304 


305 


310 
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TABLE XX 
Total Total 
solids hardness, 
Description CaCOs 
HAMILTON—Concluded 
Mosler Safe Co., Grand Boulevard. 
Two drilled wells, 90 feet, 6- and 8-in. | Pts. per mill. 670 445 
casings, in gravel. Pump 50,000 gal. 
daily. Softened by We-fu-go system for | Grs. per gal. 39m 26.0 
use in boilers. 
Herring-Hall-Marvin Safe Co., Grand 
Boulevard. Driven well, 80 feet, 6-in. 
casing. Used in boilers with Hawkeye | Pts. per mill. 684 442 
compound. Forms hard scale. Water 
seems to change with change of seasons; | Grs. per gal. 39.9 25.8 
was analyzed three times by Dearborn 
Chemical Co. and found to vary in 
composition. 
Cincinnati Brewing Co., Front and 
Sycamore Sts. Four driven wells, 78 to : : 
118 feet, 10-in. casings. Pump 1,000,000 | Pes. per mill: 345 
gal. daily. Used in boilers after soften- Gree ar 28.8 20.1 
ing with lime and soda ash with We-fu- 
go system. No scale trouble. 
JACKSON 
Samples collected January 26, 1916. 
City water. Eleven drilled wells, 150 
feet, 8-in. casings, situated 6 miles south | Pts. per mill. 316 184 
of city. Pump 250,000 gal. daily. In 
the city itself salt water is encountered | Grs. per gal. 18.4 10.7 
at 150 to 160 feet. 
D. T. & I. Shops. Drilled well, 55 feet, p 7 “a 
3-in. casing, in rock. Mixed with creek ts. per mill. 528 109 
water is used in boilers. Gives little Groner eat. 30.8 oe4 
scale, is called good boiler water. 
KENTON 
Sample taken March, 1915. 

Hardin-Wyandot Lighting Co. Pond | 
fed by springs. Used in boiler with | Pts. per mill. 438 268 
soda ash. This pond water is reported 
much better than the company’s well] Grs. per gal. BSS 15.6 


water. 
: K 


16Normal carbonate 
l7Normal carbonate 


Wil 


12 pts. per mill. or 0.70 grs. per gal. 
10 pts. per mill. or 0.58 grs. per gal, 


Carbonate 
or tem- 
porary 

hardness, 


a 


- 307 


2S 


155 


9.0 


132 


hath 


167Z8 


Non- 


carbonate 


or per- 
manent 


hardness, 


CaCOs 


70 


4.1 


29) 


shea 


None 


161 
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GROUND WATERS OF OHIO—Continued 


Mag- Cal- Sodium Iron, Bicar- Chloride Nitrate Sulfate Silica, Free No. 
nesium, cium, (Potas- Fe bonate ion, ion, ion, SiOz carbon 
Mg. Ca sium), ion, Cl NOs SO. dioxide, 
Na HCOs COz 
Ce a ee eee eee ee 
36 118. 22 0.26 374 28 35 82 44 24 300 
24 6.9 3 0.02 21.8 1.6 m0) 4.8 2.6 1.4 
39 113 29 0.24 378 40 35 76 56 17 301 
Zz. 3 6.6 ber O01 W221. Lad 2.0 4.4 BS 0.99 


33 8+ 33 0255 7335 32 12 53 24 None 302 
£9 +=. 9 eS) 0502 5719.6 {9 0.70 Tel! 1.4 

22 38 42 534° 189 28 T 60 gogo. ol Te e 303 
r3 eee 269 0,20 11,0 1.6 0.09 3.5 soon 1.6 

11 26 158 5.8 »- 161 196 None 36.6 pier 30 304 
0.64 js Spe 0,34 9.4 11.4 Del areiate 1.8 

34 51 35 O25) 130) 38 13 111 toad None 305 


2.0 3.0 2.0 0.01 hE: 7) 0.76 6.5 


No. 


306 


307 


308 


309 


310 


312 


313 
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neighboring localities reported soft. 


TABLE XxX 
Total Total Carbonate 
solids hardness, or tem- 
Description CaCQOsz3 porary 
hardness, 
CaCO: 
LANCASTER 
Samples collected June 28, 1915. 
City water. Six driven wells, 97 to : 
107 feet, 8- and 6-in. casings. Pump Pts. per mill. 396 335 300 
1,000,000 gal. daily. Used in boilers Crtpeeee 23.1 19.6 17.5 
with graphite; scale is loose. 
Lancaster Glass Works, S. Ewing St.) Pts. per mill. 360 245 187 
Drilled well, 60 feet, 4-in. casing, ending 
in gravel. Used for drinking. Grs. per gal. 21.0 1423 10.9 
Crystal Ice Co., Locust St. Driven 
wells, 30 feet, 6-in. casings, in gravel. ‘ 
Pump 90 gal. per min. Used in boilers Pts. per mill. 454 305 237 
with open heater. Soda ash is fed into G 
; I PAS ; : 
pump line. Graphite had been used oe ee oe ue ae 
but without success. 
Ohio Shoe Co., well 105 feet, 8-in. cas- Pts. per mill. 534 385 300 
ing, in gravel. Used for drinking and 
cooling. Grs. per gal. Bilin 22.4 Whe) 
Hocking Glass Co., West Side. Driven] pg. per mill. 452 305 232 
well, 24 feet, in gravel. Used for drink- ' 
ing and. cooling. Grs. per gal. 26. 4 17.8 she Ss 
E. Becker Brewing Co., 302 Union St. 
Two drilled wells, 95 feet, 8-in. casings, 
in gravel. Water level 20 feet from] Pig. per mill. 388 305 257 
surface. Pump 180 gal. per min. Used 
in boilers with open heater. Much | Grs. per gal. 22.6 17.8 15.0 
sludge in heater. Graphite was used 
but with little success. 
Same location as No. 311. ; Drilled] pts. per mill. 1410 525 385 
well, 50 feet, 6-in. casing, in ‘gravel. ; 
Used for cooling. Grs. per gal. 82.0 30.6 TIDES 
Boys Industrial Home, six miles south 
of Lancaster. Six wells, 400 feet, 6-in. ; 
casing. Pump 11,000 gal. per day. Used Pts. per mill. oe a6 
in boilers where it gives very little scale, 
about @@ in. in a year. Water in Greaper eal. Ae a ep 


Non- 


carbonate 


cr per- 
manent 
hardness, 
CaCOs 


68 
958) 


85 
520 


th 
a3 


48 
ZnS 


‘140 
8.2 


1.0 
0.06 


 Bicar- Chloride Nitrate Sulfate Silica, Freee s 
ny eas NO; Soh gar a eee 
oxide, 
HCOs / ‘ ore ; 


: Aor  h4g). 285 10.4 470 420 24 85 None 42 312 
Cer t6 6 «0.02. 27.5 924.5. - 4 > 5.0 ye 
ss yaa - . 
a en ah. 0326" 49 G40. = None 10". 12 Oe > Sie 


ites 0.02 2.8 0.23 OR0Se es On7n0 0.06 


eee 
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TABLE XxX 
No. Description Total Total Carbonate Non- 
solids hardness, ortem- carbonate 
; CaCOsz porary or per- 
hardness, manent 
CaCOsz hardness, 
aCOs 
LIMA 
Samples collected July 27, 1915. 
314 City water. Supply is taken from the 
Ottawa River from which it is pumped 
into a large reservoir and flows by 
gravity into two smaller reservoirs from | Pts. per mill. 506 256 140 116 
which in turn it is pumped into the \ 
mains. 3,500,000 gal. daily are used.| Grs. per gal. 29.5 14.9 8.2 6.8 
Is used, by a number of firms, in boilers, 
after softening. Preferred to well | 
water. 
315 Lima Locomotive Works. Drilled well, 
300 feet, 8-in. casing. Water level | Pts. per mill. 1202 644 305 Sey, 
feet from surface. 12,000 gal. per hour 
pumped. Contains hydrogen sulfide. | Grs. per gal. 70.1 37 .6 17.8 19.8 
Used for hydraulic testing. 
316 Solar Refining Co., Nos. 20 and 21 of a | 
group of 21 wells. “Sulphur” vein | Pts. per mill. . 868 526 315 aut 
struck at 180 feet. Water level 90 feet 
from surface. Used for cooling and con- | Grs. per gal. 50.6 30.7 18.4 123 
densing. Supply is 200,000 gal. daily. 
317 Same location as No. 316. Well No. 3, 
380 feet. Water struck at 160 feet. At | Pts. per mill. 1356 719 320 399 
first the water level was 46 feet from 
surface but later dropped to 67 feet. | Grs. per gal. ie 41.9 18.7 23:23 
Contains hydrogen sulfide. 
318 Same location as No. 316. Softened 
Ottawa River water. Softening was 
done with lime and soda ash. Following 
experience reported: when softening 
was carried to about 51 parts per million | Pts. per mill. 268 67 2.0% 65 
(3 grains per gal.) of total hardness, 
there was trouble from foaming. When, | Grs. per gal. 1526 3.9 0.12 3.8 
however, the water was left with about 
84 parts per mill. (5 grains per gal.) 
of hardness no such trouble. was ex- 
perienced. See No. 319 for raw water. 
319 Same location as No. 316. River water 
pumped into large reservoir, the pump- | Pts. per mill. 362 184 97 87 
ing always being done in rainy seasons. 
Hardness of raw water reported pretty | Grs. per gal. 2A 10.7 Sidi Sal 


constant. & 


18N ormal carbonate = 65 pts. per mill. or 3.8 grs. per gal. 


‘Sodium Tron, Bicar- Chloride Nitrate Sulfate Silica, Free 
Pot Fe pene aah ane ion SiOz doa 
on iox 

HCOs ; ia COs 


None 360. 680 Ee 


7 at 
Poe 88, S906 CON 284 BVA ae MRAM aay: we 
. j 
webAN 910-8 . 58 012. 2.0 34 gis + 86-7. 20, )- None ashes 
Peete D0 011s 210 OSD 4.42 
0.6 118 32 10 68 oO. A ees 


moe 7.0 Loe Ore 20. O47 -Or0e 
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TABI Cx 


Total Total Carbonate Non- 
solids hardness, ortem- carbonate 
CaCOz porary or per- 
hardness, manent 
CaCO: hardness, 
CaCOs 


ae ee ee SS SE EE Se ee ee 


No. Description 


LIMA—Continued 


320 Lima Packing Co., S: Central Ave. 
Drilled well, 265 feet, 18 feet to rock. 
Water level 45 feet from surface. Used]| Pts. per mill. 1344 719 312 407 
in condensers and boilers. Boilers have 

{ feed water heaters. Not much scale or| Grs. per gal. 78.4 aD tone Dh 
sludge found in heaters. Hard scale and 
mud in boilers. 


321 Same location as No. 320. Drilled well, 
150 feet, 8-in. casing. Contains hydro- 
gen sulfide. Used in condensers and} Pts. per mill. 1328 TAD 312 407 
boilers mixed with water from No. 320. 
In the condensers and water lines pipes { Grs. per gal. 77.4 41.9 18.2 IGF 
are badly pitted and trouble is experi- 
enced in the filling up of the feed lines. 


322 Mosier Laundry Co., 221 N. Central | Pts. per mill. 1344 839 385 454 
Ave. Well used for drinking. Grs. per gal. 78.4 48.9 22.5 2655) 


323. Lima Brewing Co., E. Pennsylvania 
Ave. Drilled well, 154 feet, 8-in. casing, 
15 feet to rock. Water level 60 feet 


from surface. Contains hydrogen sul-| Pts. per mill. 1126 593 285 308 
fide. Is called ‘‘white sulphur’ water. ; 
Cold water corrodes feed lines. Used] Grs. per gal. 65.6 34.6 16.6 18.0 


in boilers with feed water heater, and 
graphite to keep scale from sticking. 
Boiler is not corroded. 


324 Crystal Ice & Coal Co., N. McDonald 
St. and Pennsylvania R. R. Two drilled 
wells, 380 feet, 8-in. casings, 65 feet to 
rock, water level 90 feet from surface. 
Pumpage 300 gal. per min. for 24 hrs. 
Contains hydrogen sulfide. At 165 feet 
a vein of “black sulphur’ water was 
struck. This attacked the pipes. Pres- 
ent water is called ‘“‘white tees and Gre Pataek ue coe or ree 
does not corrode the pipes. (Note: 
This behavior of ‘‘white sulphur” water 
is contrary to that recorded under No. 
323.) The water was tried im boilers 
but scaled them too rapidly. \ 


es 


Pts. per mill. 1570 785 290 495 


Chloride Nitrate Sulfate _ Silica, 
ie = LORY ion, SiO2 


NOs SO4 


ee 101 148 150 ae aes he None 48Q 60", 3) pee 
tea 86, 18:6 0.06 206) 1.3 et oe ee Le 


No. 
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TABLE XX 
Total Total Carbonate 
solids hardness, or tem- 
Description aCOs porary 
; hardness, 
CaCOsz 
LIMA—Concluded 
Lima Ice & Coal Co., N. Elizabeth St. 
and Pennsylvania R. R. Drilled well, | Pts. per mill. 1700 899 335 
384 feet, into rock. Is called a “white 
sulphur’ water. Is said to attack pipes. | Grs. per gal. 99.2 De 19.6 
Used for cooling and condensing. 
LOGAN 
Samples collected January 24, 1916. 
City water. Two dug wells, 30 feet, | Pts. per mill. 462 Site 280 
in gravel, bricked up and covered. Grs. per gal. ZOa9 22. 16.3 
City water. Five drilled wells, 133 feet, | prs. per mill. 296 225 177 
through rock and into gravel. Pump- 
age for 1915, 690,000 gal. per day. Grs. per gal. 17.3 ij. 10:3 
City Water Works. Hocking River at 
high stage. Used in boilers with open 
feed water heater which removes much] Pts. per mill. 222 109 Vea. 
sludge. Hawkeye compound used in 
boilers. Some priming noticed. The | Grs. per gal. 29 6. 452 
well waters above gave more hard scale 
than the river water. 
Logan Pottery Co. Driven well, 60 
to 70 feet, 6-in. casings, through rock 
to water stratum. Not able to pump it | Pts. per mill. 318 220 242 
dry. Used in boilers with feed water 
heater. No scale trouble. One boiler | Grs. per gal. 18.5 zs 14.1 
in use for 13 years without replacing a 
tube. 
Crystal Ice Co. Spring coming out of | pts. per mill. 240 132 67 
a hillside. Used in boiler with closed 
heater. No scale trouble. Grs. per gal. 14.0 ie Se) 
LORAIN 
Samples collected August 24, 1915. 
City water. Lake Erie water filtered 
through rapid sand filter after sedimen- 
tation. Aluminum sulfate used as coagu- ; 
lant. Used in boilers with Peerless Pts. per mill. 160 102 87 
compound. Not much scale trouble. 
Reported that when lime and iron sul- Gre npet eek mee 7 >t 
fate were used as coagulant no&so much 
scale was formed. 


Non- 
carbonate 
or per- 
manent 
hardness, 


CaCUs 
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54, 2) 


aM) 


Dae 
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65 
3.8 
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GROUND WATERS OF OHIO—Continued 


Mae- Cal- Sodium Iron, Bicar- Chloride Nitrate Sulfate Silica, Free No. 
nesium, cium, (Potas- Fe bonate jon, ion, ion, SiO» carbon 
Mg Ca sium), ion cl NOs SOs dioxide, 
E Na HCOs CO2 
102 192 101 1.4 409 124 None 492 42 47 225) 
59 er. 2 ee) 0.08 23.9 (fee 28.7 2.5 Ou 
30 101 17 fH S342 22 None 88 hse 45 326 
1.8 Se 0.99 0209) 119.9 i yea | Ate 2.6 
18, 60 19 0:3 276 30 None 48 Reich: 15 327 
Bet aS re 0.02 12.6 1.8 2.8 Spit 0.88 
11 26 28 2.4 88 10 3.0 34 aicic 9.0 328 
0.64 5 1.6 0.14 il 0.58 0.18 PY) 0.53 
22 52 42 OG 295 30 0.25 19.4 awe 32 329 
t3 3.0 D5 0.01 Wey 1.8 0.01 hale Maa Ales, 
er 4 ay. 15 Orio | “82 18 45 14.4 prabene 35 330 
0.57 19s 0.88 0.01 4.8 tT | 2G 0.83 PAG 
cea 31 11 G2 106 8.0 0.4 26 Nene 4.0 331 


0.36 1.8 0. 64 0.01 6.2 0.47 0.02 1S) Op22 
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TABLE XX 
: Total Total Carbonate Non- 
solids hardness,’ or tem- carbonate 
No. Description CaCOs3 porary or per- 
hardness, manent 
aCOz hardness, 
a 3 
LORAIN—Concluded 
: BES: ill. 162 97 Syne, = Aye 0) 
332 Sameas No. 331. Raw Lake Erie water. a oe ihe 9.4 5.7 54 0.29 
333. National Tube Co., South Lorain.| Pts. per mill. 310 37 4220 None 
Black River water softened by We-fu-go y 
system. AQ little scale and sometimes Grs. per gal. 18.1 2.2 2.5 
some pitting are reported. 
334 Same location as No. 333. River water | Pts. per mill. 408 193 qe 76 
mixed with returned condensate water 
PEA cubecnacotiened J Grs. per gal. 23.8 Liles 6.8 Ba: 
335 Same location as No. 333. Raw water | Pts. per mill. 456 214 140 74 
from Black River. Grs. per gal. 26.6 aS Sad) “403 
MANSFIELD 
Samples collected August 27, 1915. 
336 City water, Oak St. Four wells, 160 to| Pts. per mill. 360 270 240 30 
180 feet, 10-in. casings. Pump 700,000 
gal. daily. Grs. per gal. 21.0 15.8 14.0 aS 


337 City water, N. Main St. Drilled well, 
125 feet, 10-in. casing, in gravel. Pump 
250 gal. per min. Used in boilers with 
open feed water heater. Much sludge 


Pts. per mill. 576 412 290 122 


33 
in heater. Arrow compound in boiler. Oo averas oa rake ger oe: 
Some scale forms. 

338 City water, Longview. Four wells in| Pts. per mill. 418 315 242 73 


gravel. Pump 2,000,000 gal. daily. Grs. per gal. 24.4 18.4 14.0 4.3 


339 Barnes Manufacturing Co., N. Main 


Pts. per mill. 2080 300 None 300 
Se Rocky Fork Creek. Water was 
high. Used in boilers with soda ash. | Grs. per gal. 121.0 — 17.0 17.0 
340 Mansfield Tire & Rubber Co., Newman 
St. Drilled well, 285 feet, 6-in. casing. i 
Rock struck at 50 feet. Used in boilers Pts. per mill. 558 180 307 None 
without treatment. No scale whatever. ( Gistpenost aeneetG 10.5 17.9 


Boilers ran three and a half years with- 
out cleaning. 


& 
7 pts. per mill. or 0.40 grs. per gal. 
40 pts. per mill. or 2.3 grs. per gal. 


Normal carbonate 
20Normal carbonate 


Wl 


m Tron, Chloride Nitrate Sulfate Silica, Free 
: bonate ion, ion, ion, SiO» carbons ane 
cl NOs ‘ dionide, 


57 16 32 956s 
ded B i0703 


: 96 18 38 $98: ante 
ai. (0.76 02 17.1 47 a 6 fit 22 ‘ 
84 None 284 None Rane Pe aves oN Acid to 339 iy 

‘ methyl 
—£-9 16. § ¥_») eye ree ®@) = Sie. orange ha \s 
374 64 Sams 7g 20 7.0 +340 Sm 


21.8 Set 0.15 4.6 12 0.41 


No. 
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TABLE XX 


Description 


Carbonate 
or tem- 
porary 
hardness, 


CaCOs 


Non- 


carbonate 
or per- 


manent 


hardness, 


CaCOs 


MANSFIELD—Concluded 


Renner & Weber Brewing Co., Temple | 
Court. Drilled well, 250 feet, 10-in. 
casing. Water level 15 feet from sur- 
face. Used in boilers with graphite to 
keep scale loose. Trouble in pipe line 


from condensers clogging. 


Baxter Stove Co., E. Fifth St. Drilled 
well, 240 feet, 6-in. casing, into gravel. 
Water level 21 feet from surface. Used 
in boilers at one time, gave very little 
scale trouble. 


Humphreys Manufacturing Co., E. 
Fifth St. Drilled well, 800 feet, though 
pumping is done from 250-foot level 
where casing had burst. In gravel. 
Used in boilers with Arrow compound. 
Not much scale and what forms 
does not stick. 


Julius Weber Ice Co., Wayne St. Drilled 
well, 69 feet, 6-in. casing. -Water level 
22 feet from surface. Used in boilers 
with graphite. Scale keeps loose. Open 
heater takes out considerable sludge. 


Ohio Brass Co., Pennsylvania and Erie 


crossing. Drilled well, 536 feet, 10-in. |. 


casing, 75 feet to rock. Well used to 
flow but now water level is 25 feet from 
surface, goes down to 150 feet when 
pumping. Used in boilers with soda ash. 
No scale. An open heater removes some 


sludge. 


MARION 


Samples collected June 24, 1915. 


City water, E. Center St. Fifteen wells, | 
140 to 200 feet, 6-to 10-in. casings. 
Pump 1,750,000 gal. daily. One re- 


s. per mill. 


. per gal. 


. per mill. 


. per gal. 


. per mill. 


. per gal. 


. per mill. 


. per gal. 


. per mill. 


rs. per gal. 


Pts. per mill. 


port received that the city Water is| Grs. per gal. 


hard on brass and plumbing, } 


230 


13", 


292 


ue 


to 
“NI 
wal 


wal 
oo 


None 


None 


146 
8.5 


None 


300 


Bicar- Chloride Nitrate Sulfate _ Silica Free 
bonate ion, one ¥ : Sion” carbon | 


ae NOs SOu ch : 


No. 


347 


348 


349 


350 


351 


352 


324 
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21Normal carbonate 

22Normal carbonate 
Hydroxide 

Normal carbonate 


155 pts. per mill. or 9.0 grs. per gal. 
50 pts. per mill. or 2.9 grs. per gal. 
22 pts. p&ér mill. or 1.3 grs. per gal. 


Woe wed 


TABLE XX 
Total Total Carbonate Non- 
solids hardness, ortem- carbonate 
Description CaCOs porary or per- 
hardness, manent 
CaCOs hardness, 
CaCOs 
MARION—Continued 
Marion Ice & Cold Storage Co., Oak 
St. and Big Four R. R. Three wells, 200 
feet, 10-in. casings, limestone struck at 
20 feet, slate at 185 feet. Water level 90 
feet from surface when pumping. Pump | Pts. per mill. 608 465 380 85 
600 gal. per min. Used in boilers after 
softening with lime and soda ash by | Grs. per gal. BSS DSi pi ames 5.0 
We-fu-go system. Soft scale only. 
Boilers ran three months without clean- 
ing and 23 years without removing 
tubes. 
Same location as No. 347. Softened | Pts. per mill. 360 39 Pe 32 
water. Grs. per gal. PANE, 253 0.41 129) 
: ; Pts. per mill. 92 (22) 92 
Hocking Valley R. R. Softening plant. J Gi per eal: 54 ia 
C.D. & M. Light Department, N. High 
St. and Big Four R. R. Well, 114 feet, 
10-in. casing. Rock at 10 feet from 
surface. Water level 25 feet from sur- - 2} . 
face. Pumps 20,000 gal. per day. Used Pts. per mill. 926 605 387 218 
in boilers and condensers after softening Cis ner calh 54.0 35.3 22.5 12.7 
with lime and soda ash. Good water in 
boiler, but causes scale in the brass 
tubes (# in. diam.) of the condensers. 
Untreated water was worse. 
Same location as No. 350. Treated 
3 23 
water. Trouble reported in the settling Pts. per mill. 718 182 70 112 
of the softened water; requires from 12 Gis sper cal! 41.9 10.6 m4 Gs 
to 24 hours, 
Huber Manufacturing Co., N. Green- 
wood St. Two wells, 140 feet, 8-in. 
casings, rock at 10 feet. Water level 30 | Pts. per mill. 740 500 340 160 
feet from surface. Contains hydrogen 
_ sulfide. Used in boilers with Hoppes| Grs. per gal. 43.1 DVD LORS Ge) 
live steam purifier. Had used Mexican 
graphite but quit. Some hard scale. 


270 pts. per mill. or 15.8 grs. perfgal. 


Bicar- Chloride Silica, Free 
= i SiOe carbon 
il { dioxide, - | 
COr any "an 


bonate 
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TABLE XX 
Total Total Carbonate Non- 
solids hardness, or tem- carbonate 
No. Description a porary or per- 
hardness, manent 
CaCOz hardness, 
aCOz 
MARION—Concluded 
353 Same location as No. 352. Well lo-| Pts. per mill. 748 490 320 170 
cated about 100 yards from No. 352. 
Contains hydrogen sulfide. Grs. per gal. 43.5 28. ed 29) 
354 Susquehanna Silk Mills. Well, 125 feet, 
6-in. casing, 14 feet to rock. Water 
level 15 feet from surface. Has 150,000} Pts. per miil. 476 410 365 45 
gal. cistern for collecting rain water. 
Use well water when this supply runs] Grs. per gal. 27.8 23. 2Ae Ss 2.6 
low. Franklin compound and graphite 
used to prevent scale from sticking. 
355 Marion Steam Shovel Co., W. Ce 
St. and Railroad. Two wells, 240 feet, 
8-in. casings. Pump. 50,000 gal. daily. 
Used in boilers with Cochran open! Pts. per mill. 728 522 Jove 165 
heaters. Lime and soda ash are fed 
into water before entering heaters.| Grs. per gal. 42.5 30. 20.8 9.6 
There is some hard scale. Graphite is 
used and appears to help in preventing 
scale from sticking. 
356 Same location as No. 355. Well 165] Pts. per mill. 716 517 372 145 
feet, 8-in. casing. Used in boilers along 
with water from well No. 355. Grs. per gal. 41.8 30. 27 8.4 
357 Marion Brewing Co., Bellefontaine 
Ave. Two wells, 125 feet, 10-in. casings. | Pts. per mill. 1222 813 422 385 
Rock at 30 feet. Used in boilers after 
softening with lime and soda ash by | Grs. per gal. CLSO 47. 24.6 22.4 
We-fu-go system. 
MARTINS FERRY 
358 City water. Twenty-nine wells driven | , 
along the shore of the Ohio River. Aver- ts. per mill. 328 204 100 104 
age depth 32 feet, in gravel. Capacity 
5,000,000 gal. daily. Grs. per gal. ieee bl Sas Ont 
359 Belmont Brewing Co. well. * \ Pts. per mill. 930 594 237 357 
i Grs. per gal. 54.3 34. (3238 20.8 
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much hard scale and corrosion around | 
gaskets and threads. 


*4Normal carbonate 
Hydroxide 


25Normal carbonate 


| 


70 pts. per mill. or 4.1 grs. per gal. 
20 pts. per mill. or 1.2 grs. per gal. 
5 pts. per mill. or 0.29 grs. per gal. 


TABLE XX 
| Total Total Carbonate Non- | 
solids hardness, ortem- carbonate 
No. Description : aCOsz porary or per- 
hardness, manent 
CaCOz hardness, | 
aCOs 
MARYSVILLE 
360 Reformatory for Women. Two wells, | 
260 feet, 10-in. casings. Each well has 
been pumped at the rate of 6,000 gal. 
per hour without affecting supply.| Pts. per mill. 1768 1113 290 823 
Water is reported to pit all iron with 
which it comes into contact. A paint] Grs. per gal. 103.0 65.0 16.9 48.0 
made from crude oil and graphite and 
applied to the inside of the boilers is 
said to eliminate this pitting. } 
361 Same location as No. 360. Water after 
softening with lime and soda ash in a] Pts. per mill. 1456 64.0 (4) 64 
Booth Softener. Experience with 
softened water given as most satis-| Grs. per gal. 86.0 BJA 7h Seal 
factory. J 
MASSILLON 
Samples collected October 12-13, 1915. 
362 Ci ; Is, 250 feet, 6-i : 
Be ee ene EAE ee VT es verano a ee 73 
casings, ending in sand rock. Pump 
800,000 gal. daily. Used im shoilersit’ Gis ner pal... 920.8 477) 13 
with compound gives no scale trouble. 
363 Massillon Rolling Mill Co. ‘Six driven 
wells, 100 feet, 8- to 12-in. casings.| Pts. per mill. 1194 803 DiS 528 
Supply of water sufficient for boilers. p 
Before using in boilers it is softened with | Grs. per gal. 69.6 46.9 16.0 30.8 
lime and soda ash by We-fu-go system. 
364 Same location as No. 363. Five driven 
wells, 175 to 220 feet, 6-in. casings. 
Sample is from one of the 220-foot wells. 
For use in boilers this water is softened | Pts. per mill. 286 209 172” 37 
with lime and soda ash by. We-fu-go 
system. No scale trouble since soften- | Grs. per gal. 16.7 PA 10.0 Dee 
ing. Before softening the water caused 


Chiodde 7 Nines, Botfeie Bille, | Free 


cy 


ey: ir eae ie OE cache, 1 
HCOs oxide, 


853 


‘ 


Ao 7 


pe 
ee -13.6 449 0.16 6 ewe 12, ay Noge > S872 cae!) None Sayea 
me ¢) Mioe 
, 04 TONLE. 2 COOL | rssegce 1 GR 70 9 e ~ “eee 


ee eh AT 06 8h leh Nanas’ ee 10 


4:7 0.24 


None | 


6.3 12 364 


60 . 


§:0).-12,2 0,47 . 0.38 240 0.70 


330 INDUSTRIAL WATER SUPPLIES OF OHIO 


TABLE XX 
Total Total Carbonate Non- 
solids hardness, ortem- carbonate 
No. Description : CaCOsz porary or per- 


hardness, manent 
CaCOs hardness, 


CaCO: 


MASSILLON—Concluded 


365 Same location as No. 363. Softened 
water from group of wells described | Pts. per mill. 256 84 ) 84 
under No. 364. Company has calcu- 
lated cost of softening per ton of their | Grs. per gal. 14.9 4.9 aA 4.9 
product, steel, and give it as 32 cents. 


366 Stark-Tuscarawas Brewing Co., Schus- 
ter Branch, West St. and Canal. Five 
driven wells, 114 feet, 4-1n. casings, in 
gravel. Water level 8 feet from surface, | Pts. per mill. 312 268 ND 56 
drops to 22.feet when pumping. Wells 
can be pumped at rate of 200 gal. per| Grs. per gal. 18.2 15) WE 12.4 De 
minute. Used for brewing and in boil- 
ers. Dearborn compound used in boil- 


oo 


ers. Open feed water heater also used. | 


367 Avigelal lee. Se (Corll Con, ING 1inite Si, 
Driven well, 25 feet, 12-in. casing. | Pts. per mill. 496 ey ATs 257 120 


Forms hard scale in boilers. Report 
that graphite and compounds were] Grs. per gal. TENS) a) 15.0 Te®) 
tried but gave no help. | 
368 Russell & Co., S. Erie St. Drilled well, | Pts. per mill. 303 274 231, Si 
160 feet, 3-in. casing. Used for drinking. | Grs. per gal. WE 16.0 13.8 BOD 
MEDINA 


Samples collected in spring of 1916, 


369 The A. J. Root Co., Champion Brook. 


A dam holds asupply. Insummer when] Pts. per mill. 156 1s) 62 54 
water is low and probably is largely \ 
spring water, some scale forms. In | Grs. per gal. real Ons, 356 Seal 


other seasons water is fair. 


370 Same location as No. 369. Well, 160] pts. per mill. 2208 422 290 132 
feet, into rock. This water was tried F 
in the boilers but caused pitting. Grs. per gal. 129.0 24.6 16.9 feed: 


26Normal carbonate 


40 pts. per mill. or 2.3 , L 
Hydroxide gis. per ga 


60 pts. per mill. or 3.5 grs. per gal. 
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TABLE XX 
Total Total Carbonate Non- 
solids hardness, ortem- carbonate. 
No. Description CaCOs porary or per- 
hardness, manent 
CaCOsz hardness, 
CaCOsz 
MT, GILEAD (No analyses) 
City wate is from wells, 80 feet, end- 
ing in gravel. Water level 6 feet from 
surface. This is lowered to 20 feet by P in ine ee 
pumping at rate of 3,500 gal. per hour. | 
In boilers a hard scale forms. 
MT. VERNON 
Samples collected November 8, 1915. 
371 City water. Eleven drilled wells, 80° 
feet, through hard pan into gravel, flow- 
ing. One dug well, 14 feet, 12 feet in| Pts. per mill. 358 300 295 Se (0) 
diameter, in gravel. Amount 1,250,000 . 
gal. per day. Used in boilers forms soft | Grs. per gal. 2059 Wiese) 0.29 
scale. Graphite loosens up scate that 
would otherwise be hard. 
372 Mt. Vernon Ice Delivery Co. Nine 
wells, 58 to 60 feet, in sand and gravel, 
flowing wells. | Used in boilers forms 
soft scale. Compound used. In ice : 
making the salts in this water concen- Pts. per mill. 352 302 300 2.0 
trate in core. Practice is to freeze till 
cake is nearly solid when the interior ete pereek oie 17.6 17.5 0.12 
water is drawn off and the space filled 
with distilled water and the freezing 
continued. 
373 Pittsburgh Plate Glass Co. Dug well,18 
feet, 14 feet in diameter. Has been E 
pumped at rate of 1,000 gal. per min., Pts. per mill. 356 288 230 58 
without affecting supply. Some trouble 
from scale. Use Imperial boiler coating rap Eraak HR: 16.8 13.4 3.4 
to prevent scale from adhering. 
374 Same location as No. 373. Four artes- | Pes permit 324 
: . . 2 
ian wells,75 to 85 feet, located in swamp. 3 vi zeal None 
Tried in boilers but caused corrosion. Grs. per gal. 18.9 1556 16.7 
375 Hope Forge & Machine Co. Two wells | Disaneeern 
2 , ; mill. 356 
25 feet, 5-in. casings. Used for*eooling S ‘ 416 He 41 
and flushing, Grs per gal. 20:8.» 184° 164 2.4 
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TAB Bex 
Total Total Carbonate Non- 
solids hardness, ortem- carbonate 
No. Description CaCOs3 porary or per- 


hardness, manent 
CaCOzs hardness, 
(ore) 


a 3 


NEWARK 
Samples collected April 12-13, 1915. 


376 City. water. Water from a gravel bed 
in north fork of Licking River. A per- 
forated suction line extends into this 
gravel bar and lies 10 feet below the 
normal level of the river. Pumpage 
5,000,000 gal. per day. Used in boilers Gast periga) ey ee ee oe 
with compound. Open heater also used. 
Some soft scale formed. 


at 
On 


Pts. per mill. 326 240 18524 


377. Advance Glass Co. Drilled well, 61] pts. per mill. 366 305 270 35 
feet, ending in rock. Used for conden- 
sing. Grs. per gal. 21.4 17.8 ISS Z.0 


378 The Wehrle Co., Union & Wilson Sts. ; ‘ - 
Ohio Canal water. Used in boiler con- Pts. per mill. 152 97 ae 20 
nected with closed heater. Dearborn ene 


compound employed. See No. 381. Soper ed a et Pe A 
379 Same location as No. 378. Well, 63 | Pts. per mill. 408 Su 30578 LAO 
feet. Used for drinking. Grs. per gal. 238 18.2 17.8 0.41 


380 Same location as No. 378. Well, 57 | Pts. per mill. 410 307 28772 20 
feet. Used for drinking. Grs. per gal. ES 17.9 ile ve Liz, 


381 Licking Laundry Co., Jefferson St. and ) 
Raccoon Creek. Driven well, 25 feet, | Pts. per mill. 850 607 392 215 
in gravel. Used for drinking. Ohio 
Canal water used in laundry. It gives | Grs. per gal. 49.6 35.4 22.9 12.6 
no trouble. ; 


382 Consumers Brewing Co., First and 


Locust Sts. Two drilled wells, 130 feet, | Pts. per mill. Sisly 270 250 20 
8-in. casings, in sand and gravel. Used 
in boilers with open heater. A little soda | Grs. per gal. 19.4 15.8 14.6 ay? 


ash employed, Some soft scale forms. 


27Normal carbonate 
283Normal carbonate 
20N ormal carbonate 


10 pts. per mill. or 0.58 grs. per gal. 
5 pts. per mull. or 0.29 grs. per gal. 
15 pts. per*mill. or 0.88 grs. per gal. 


Noi ll 


Bick. Chloride Silica, 
bonate jen o n SiO2 


i, 


eee None s a2 / 38 bra 382 


0, 47 ‘ 1.6 2.2 0.29. 
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TABLE XX 
Total Total Carbonate | Non- 
solids hardness, ortem- carbonate 
No. Description CaCOs3 porary or per- 


hardness, manent 
CaCO: hardness, 


CaCQs 


NEWARK—Concluded 


383 Newark Ice and Cold Storage Co.,Clin- 
ton St. & B. & O. R. R. Two drilled 


: : Ey Z 
wells, 65 feet, 4-in. casings. Used in Pts. per mill. 330 265 200 65 


ammonia condensers. Was tried in Gatgete 19.3 15.5 11.7 3.8 
boilers but city water was found pre- 
ferable. 


384 American Bottle Co., Case Ave. Two 
drilled wells, 150 feet, 4-in. casings, in 
gravel. Rock is struck at 300 feet in this G al 17.9 P 
locality. Used for drinking. tees : vee 13.5 1.6 


Pts. per mill. 306 260 232 28 


385 Same location as No. 384. North fork | 
of Licking River. Used in boilers and | Pts. per mill. 616 272 2220 50 
gas engines. Some soft scale. When 
Grs. per gal. $5.9 — 45:9). es 2.9 


graphite was used in water, boilers ran 
for 6 years without renewing tubes. 


Used in boilers with compound. Some 


scale. 


386 E.T. Rugg & Co. Driven well, 20 feet.| Pts. per mill. 580 437 275 162 
Grs. per gal. 3358 PINS) 16.1 9.4 


387 Same location as No. 386. Drilled) Pes. per mill, - 570 447 315 132 
. well, 78 feet, in gravel. Used for cool- 
ing engines and for drinking. Grs. per gal. 3303 Hoy! 18.4 Ph 
388 A. H. Heisey & Co. Oakwood Ave.| Pts. per mill. 300 270 245 5 
Spring back in hills, water being piped 
to plant. Not used in boilers. Grs. per gal. La Acs 14.3 1.5 
NEW PHILADELPHIA 
Samples collected November 12, 1915. 
389 City water. Twenty-five driven wells, 
50 to 90 feet, 6-in. casings, in gravel. | Pts. per mill. 496 352 207 145 
Pump 1,500,000 gal. per day. Not 
so good in boilers as Tuscarawas River | Grs. per gal. 28.9 2085 12,0 Si 
water. 


s°Normal carbonate = 10 pts. per mill. or 0.58 grs. per gal. 
q 
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GROUND WATERS OF OHIO—Continued 


Mae- Cal- Sodium Tron, Bicar- Chloride = Nitrate Sulfate Silica, Free No. 

nesium, cium, (Potas- Fe onate ion, ion, ion, SiOe carbon 
Mg Ca sium), ; ion, ro] NOs SO« dioxide, 

Na HCOs CO. 

21 72 -9.0 0.2 244 8.0 eg e) 56 34 None 383 
1.2 4.2 0.53 - 0201 14.3 braze OE 355 2.0 

22 68 8.0 1.0 283 6.0 OL75 33 36 Be) 384 
1 ae 4.0 0.47 0.06 1605 0.35 0.04 1.9 va | 0.18 

26 67 82 8.0 271 22 9.0 76 124 None 385 
Fo5 3-9 4.8 0.47 157. 13 0.53 4.4 (ee 

38 113 15 Ps 335 14 ete) 130 46 16 386 
Id 6.6 0.76 0.04 19.6 0.82 0.08 hab Dah 0.93 

37 119 17 4.0 384 8.0 None 118 30 16 387 
Ia 6.9 0.99 0.23 22.4 0.47 6.9 1.8 0.93 

23 74 None 16 299 8.0 0.6 26 12 4.0 388 
1.3 4.3 0.09 17.4 0.47. Ath 24,5 G20" 20 ge 

24 101 34 0.9 257 48 1.8 106 2.0 10 389 


124 ieee 2.0 O05. 41. 2.8 Oe 6.2 O12 0.58 
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TABLE XxX 
Total Total Carbonate  Non- 
solids hardness, ortem- carbonate 
No. Description CaCOs porary or per- 
hardness, © manent 
CaCOs hardness, 
aCOs 
NEW PHILADELPHIA—Concluded 
390 Stark-Tuscarawas Brewing Co., S. | 
Broadway. Two drilled wells, 80 and ; : 
100 feet, 6-in. casings, in gravel. Used Pts. per mill. one a4 ae ee 
for brewing and in boilers. An open Grotperieal 35.5 20.6 11.3 9.2 
heater removes a great deal of sludge. ° 
With compound very little scale trouble. 
391 Belmont Stamping & Enameling Co., ae 
Be thin oo  Dalledteciecittce i — eo 
6-in. casing, in gravel. Used in boilers. Grotper cals 19.8 16.2 12.4 3.9 
No scale trouble reported. : 
392 Wise-Harrold Electric Co. Ray St.) 
Drilled well, 60 feet, 3-in. casing, to| Pts. per mill. 346 270 187 83 
rock. Boring goes through rock 
into gravel. Used for drinking and | Grs. per gal. 2052 15.8 10.9 4.8 
plating. 
NILES 
Samples collected October 5-6, 1915. 
393 City water. Mahoning River. Water is | ; 
filtered by rapid sand filter using alum Pts. per mill. 278 170 90 80 
as coagulant. Pump 1,000,000 gal. Grotncaeatt 16.2 9.9 53 47 
daily. Gives some scale in boilers. 
394 City water. Raw water from Mahoning | Pts. per mill. 290 181 90 91 
River. Sample taken above steel mills. | Grs. per gal. 16.9 10.6 Sees. 5.4 
395 Niles Glass Factory, N. Main St. and a ge ' 
Eaton Ave. Two drilled wells, 100 feet, ( Pts. per mull, 938 226 247 None 
4-in. casings, 50 feet into shale, Supply Giesee eal 54.7 13.2 1de4 
is constant. Used for drinking. 
396 Harris Automatic Press Co., N. Main 
St. and Erie R. R. Drilled well, 60 feet, : : 
5-in, casing, ends in rock. Feed water Pts. per mill. 658 166 320 None 
heater removes some sludge. Boiler 
® Grs. If 
compound used but no effect reported. ayers. oe 7d 18.7 
Not much scale. 
397 Standard Boiler & Plate Iron Co., B. & ’ 
O. R. R. Drilled well, 111 feet, 6-in. | Pts: per mill. 338 228 295 None 
1 2 x i y 
casing. Pumps 10,000 gal. daily, Used Ge perch 19.7 13.3 17.2 


for drinking. 


Chloride Nitrate Sulfate Silica, ie 
on jon, Si » veatbone = 
cr Wie, SOP Ps aoa a, 


f 


390 88 Nose 89 20 28 396 
22.8 he ae $2 1.3 16 


“360; . “24°... None None 20 10 397 
21.0 1.4 2 0.58%. 
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TABLE XX 


No. Description 


NILES—Concluded 


398 Niles Car & Manufacturing Co., Erie | 
St. and Erie R. R. Drilled well, 100 
feet, 4-in. casing, ends in white sand- 
stone. Rock is struck at about 20 feet. 
Supply is not sufficient for boilers. De- 
ficiency is made up with city water. 
Hard scale forms. 


NORWALK (No analyses) 
City supply is from a reservoir fed by | 
spring and rain. Water is hard and 
forms scale in boilers. 


ORLAND 


Sample collected August, 1915. 


399 Spring in Washington Township, Hock- 
ing Co., on farm of Howard R. Lane. 
ORRVILLE 
Samples collected in March, 1916. 
400 City water. Supply is from wells, some 
in rock and some in gravel. Forms 
scale in boilers. 
401 J. M. Smucker. Drilled well. 
PAINESVILLE 
Samples collected October 1, 1915. ° 
402 City water. Lake Erie water purified 


by rapid sand filtration with alum as 
coagulant. Most manufactuners use 
the city supply for steam making. 


Pts. per mill. 


Grs. per gal. 


Pts. per mill. 
Grs. per gal. 


. per gal. 


Pts. per mill. 
Grs. per gal. 


ts. per mill. 


piper cals 


. per mill. 
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TABLE XX 
Total Total Carbonate Non- 
solids hardness, ortem- carbonate 
No. Description f CaCOsz porary or per- 


hardness, manent 
CaCOs hardness, 


CaCOs3 


PAIN ESVILLE—Concluded 


403 Painesville Artificial Ice Co., Liberty 
St. and Nickel Plate R. R. Nine dug 
wells, 16 to 20 feet, 8 feet in diameter. 
Pumpage 55,000 gal. per 24 hrs. Used 
in boilers: after going over condensers. 
Pearline compound employed. Trouble 
from water filling pipes after passing 
condensers. 


Pts. per mill, 524 297 210 87 


—— 


Grs. per gal. 30.6 NAS: 123 Did! 


404 F. W. Harrison & Son. Dug well, 14 
feet, 8 feet in diameter. Used in boilers 
with Pearline compound. Keeps scale 


loose: Gis; per pals. 2200 > eee 


Pts. per mill. 380 186 145 4] 


PAULDING (No analyses) 


The German-American Sugar Co. re- 
ports that it uses the water from Flat 
Rock Creek, when flow is sufficient, 
both for boilers and in extracting sugar 
beets. When the creek fails water is 
obtained from drilled wells of 600 to 
800 feet in depth. The company has 17 
such wells and uses an average of 11 of } ............ 
them. Each well gives about 170,000 
gal. per 24 hrs. This well water is very 
hard and causes heavy and hard scale 
in the boilers. It is also not desirable for 
sugar extraction since all impurities 
must be removed and there are sugar 
losses at each point where such removals 
are made. 


PEORIA 
Sample collected April 27, 1916, 


405 Farmlands Co, Drilled well, 180 feet, | 
4-in. casing to rock. Rock at 60 feet. | ; 
Used for drinking. Other wells in the ( Pts. per mill. 2656 1594 472 1122 

f 


vicinity not over 60 feet deep give a G ; 5 
much softer water, about 80 pdéts per iS pe eek ta 73.0 ee 65.4 


million total hardness. 
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344 INDUSTRIAL WATER SUPPLIES OF OHIO 


TABLE XX 
Total Total Carbonate Non- 
’ solids hardness, ortem- carbonate 
No. ; Description CaCOsz porary or per- 
hardness, manent 
aCO3 hardness, 
CaCOsz 
PIQUA 
Samples taken in March, 1916. 
406 City water. An impounded surface 
supply. Sample sent by Wood Shovel : Ns s 
= . 2 
& Tool Co. This water is muddy dur- Pts. per mill. 300 245 192 53 
ing several months of the year and gives Geet cero 17.5 14.3 11.2 34 
much trouble in boilers where it forms 
hard scale. 
Hosiery Co. This company softens the Pts. per mill. 346 280 217 63 
water with Permutite. See following ears EI 20.2 16.3 12.7 3.7 


numbers. 


408 Piqua Hosiery Co. Sample is city water | Pts. per mill. 350 Dis 167 106 


407 City water. Sample sent by = 


No. 407 treated with alum and filtered. | Grs. per gal. 20.4 15.8 SPH 6.2 
409 Same,location as No. 407. Sample is 
the filtered water—No. 408—after pass- | Pts. per mill. 386 LOZOR 242 None 
ing through the Permutite softener. 
This sample was taken immediately | Grs. per gal. 225 OSS Sr Mel Qe 
following regeneration of the Permutite. 
410 Same location as No. 407. Sample is | Pts. per mill. 406 15 212 None 
the average softened water. Grs. per gal. Dre, 0.88 12.4 
411 Same location as No, 407. Sample was| Pts. per mill. 388 30 215 Nunc 
taken just before regeneration of the 
Permutite. Grs. per gal. DDG 1's 1255 


412 Favorite Stove & Range Co. Another 
sample of the city water. Used in boil- 
ers with Stoddard compound. This 


company also uses the water for wash- Pts. per mill. 382 284 225 59 
ing nickel work and reports that at 
certain seasons when there is a large Gurpck ea): bass i Aad 3.4 
quantity of leaves in it the water has a 
tendency to stain the nickel. 

413 Orr Felt & Blanket Co., Miami River | Pts. per mill. 346 270 210 60 


water. Grs. per gal. 20.2 1558 1278 SPs) 


oe Chloride Nitrate Sulfate Silica, 
} ion, ’ 
cr NO 80 . 


3.6 None. 142 ty ies ellos? a oii 2 " ae0 AOee 
ae 921 So GO ASN 14, O64 43 0.23 oe 
ts 
—_ ee 
7.3 None 128 0.2 262 12 11 75 ra 30°) Aa 
_ (0.43 P55 MOF A153 + WIM OE a 
and ny . : ey 
: a 
274 Sige Winer. $f) 2 ene Reh ee ore 
aA’? 0535 AN hs Bu Ae hee ney 
256 emt ekoses) ha 82 9.0 413 
Ree ars 532)" S.0 ive: 


No. 


414 


415 


416 


417 


418 


419 


Hydroxide 


346 INDUSTRIAL WATER SUPPLIES OF OHIO 
TABLE XX 
Total Total Carbonate Non- 
solids hardness, ortem- carbonate 
Description CaCOsz porary or per- 
hardness, manent 
CaCOz hardness, 
CaCQs 
PIQUA—Concluded 
Same location as No. 413. River water 
after softening in Dodge softener, This | Pts. per mill. 178 93 (a) 93 
water is used for wool scouring, dyeing, 
and washing blankets and felts. It is | Grs. per gal. 10.4 5.4 5.4 
reported very satisfactory. 
SALEM 
Samples collected October 8, 1915. 
City water. Seventeen drilled wells, | 
average depth 205 feet, 8-in. casings, | Pts. per mill. 330 269 240 29 
to rock struck at 90 feet. Pump 800,000 
gal. daily. Used in boilers with graphite | Grs. per gal. 19.3 ISH 14.0 17 
gives some hard scale. 
W. H. Mullin Co. Drilled wells, 312 
feet, 3-in. casings. Run dry sometimes q : Pe : C 
in summer. Used in boilers leaves Pts. per mull. oa. oe 260 None 
sludge but no hard scale. An open feed Cae 22.4 6.8 15.2 
water heater does not remove much 
sludge. 
Same location as No. 416. Drilled P ee Le weg “ 
well, 490 feet, 3-in. casing. Salt water Es. per wall. 898 60 28 None 
was struck but was cased off. Used for Givincaai 52.4 3.5 14.9 
flushing. 
Silver Manufacturing Co., Broadway 
and Perry Sts. Two drilled wells, 95 
feet, 6- and 8-in. casings. Rock struck | Pts. per mill. 634 451 247 204 
at 20 feet. _ Pump 50,000 gal. daily. 
Used in boilers and for cooling. Forms | Grs. per gal. 37.0 26.4 14.4 11.9 
hard scale, difficult to remove, in the 
boilers. 
American Steel & Wire Co., Mill St. ] 
Two drilled wells, 300 and 464 feet P : 
deep, pumped together, 75,000 gal. per | tS Per aull 528 224 255 None 
24 hrs. Is used in boilers along with { ,. 
city water and “‘tri-soda’’ (phosphate ?). aaa te ae st Lee 
Not much scale reported. 
1Normal carbonate 60 pts. per mill. or 3.5 grs. per gal. 


12 pts. per mill. or 0.70 grs. per gal. 


ope, 
7 @ y ih - ‘ ‘ : 
Tron, Bac Chloride Nitrate Sulfate Silica, Free 


ee ¢ eR a 


4.9 16 325 09) 31). «352 None 7.0 10° 60>) Ae 


=> |e. = > 
Beet) 0931189 0.05 «18.2, - 20,5 gor OAL SR Ooi 
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348 INDUSTRIAL WATER SUPPLIES OF OHIO 


TABLE XX 
Total Total Carbonate Non- 
solids hardness, ortem- carbonate 
No. Description CaCOz porary or per- — | 


hardness, manent 
aCOz hardness, 
CaCOs 


SALEM—Concluded 


420 Salem Light & Power Co., Depot St.) Pts, per mill, 872 624 285 339 


An old coal shaft 60 feet deep. Used } af 
for cooling gas engines. J Grs. per gal. SOS) 36.4 16.6 19:58 


SANDUSKY 
Samples collected August 19-20, 1915. 
421 City water. The water from Sandusky 


Bay purified by rapid sand filtration, 
occasionally with added treatment with 


hypochlorite of lime. 4,500,000 gal. | Pts. per mill. 318 190 95 95 
pumped daily. Used in boilers gives } 
considerable hard scale. Red Star} Grs. per gal. 18.5 Hyon! 5.4 5.4 


compound seemed to loosen this. The 
raw Sandusky Bay water did not give 
a hard scale when it was used. 


422 City water. Untreated water from) Pts. per mill. 346 191 110 81 
Sandusky Bay. Grs. per gal. 20.2 ia 6.4 4.7 
423 Lake Erie water outside of bay. Ap-} Pts. per mill. ee DAT, 240 1.0 
parently an abnormal sample, since : 
carbonate hardness is so high. j Grs. per gal. eee teal 14.0 0.06 


SOUTH SOLON 
Sample taken in October, 1915. 
424 J. W. Rapp, 4 miles east of town. Well, 


126 feet, 62 feet to rock. Water level 
4 feet from surface. The deep wells Mf 


Pts. per mill. 624 600 400 — 200 


this neighborhood are said not to be so 
hard as the shallow ones. 


Grs. per gal. 36.4 


ww 
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oO 
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SPRINGFIELD 


Samples collected February, 1915, 


425 City water. The city supply is ob- 
tained by damming the underground 
flow of a big gravel deposit and pump- ( 
ing from shallow wells sunk in this ( 
gravel. In boilers scale is forméd. Most | 
firms using it employ boiler compounds. | 


Pts. per mill. 404 Si 237 80 


Grs. per gal. PIS 18.4 13.8 4.7 


: ae Mine Tek 0 Qt Tagg Wm 
Se erer GMs 209 Hen ag: fo oe Bea 
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My eee er. 


None 125 
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350 INDUSTRIAL WATER SUPPLIES OF OHIO 


TABLE XX 


Total Total Carbonate Non- 
solids hardness, or tem- carbonate 
CaCO; porary or per- 
. hardness, manent 
CaCOs hardness, 


CaCOs 


No. Description 


SPRINGFIELD—Continued 


426 Metallic Casket Co., corner Columbia 


and Fisher Sts. Three drilled wells, 141, | Pts. per mill. 792 475 355 120 
126, and 110 feet. Did not give sufficient 
water though other wells in vicinity | Grs. per gal. 46.1 Diath 20 ii eee) 


gave a good supply. 


427 Fairbanks Building, 7 West Main St. 
Well 128 feet, 6-in. casing. Water level 
50 feet from surface. Pumps an aver- Re 
Grs. le tall 26e 
age of 47,000 gal. daily. pee a or 


Pts. per mill. 578 462 385 77 


i) 
i) 
wn 
eS 
On 


428 Bushnell Building, 18 East Main St. 
Well 72 feet. Water level 32 feet from 
surface, 6-in. casing to rock at about 
18 feet. Pumps about 15,000 gal. daily. 
Used in return tubular Brownell boilers. | Pts. per mill. 728 495 357 138 
Boilers cleaned every two weeks. 
Forms hard scale requiring hammer to | Grs. per gal. 42.4 28.9 20.8 8.0 
loosen; also tends to pit boilers. Boiler 
compound, Buckeye water softener, 
about 3 qts. daily, used along with open 
type heater. 


429 Springfield Brewing Co., corner Colum- 
bia and Spring Sts. Two drilled wells, 
98 and 90 feet, 42-in. casings,\to rock 
struck at 8 feet. Wells end in gravel. 
Water level 14 feet from surface. Pumps | Pts. per mill. 814 552 400 152 
20,000 gal. daily. Used in boilers and 
for general purposes. Forms muchhard | Grs, per gal. 47.5 Be 23s 8.9 
scale in fire tube boilers, 250 H. P. plant. 
Hawkeye boiler compound, 13 Ibs. 
daily used. Feed water preheated with 
exhaust steam. 


430 Ansted & Burk Co., Warder and Lime- 
stone Sts. Water of the mill run. At 


time sample was taken flood stage was | Pts. per mill. 402 327 26232 65 
just passed. Used in water tube boilers | sent 

along with soda ash. Boilers cleaned | Grs. per gal. 23.4 LSA SSS) 3.8 
every 6 months, blown off once or twice 

daily. J 


Ee K : 
Normal carbonate = 20 pts. per mill. or 1.2 grs. per gal. 


Chloride Nitrate Sulfate Silica, Free 
ion, jon ion, S102 carbon | 
cl NOs SOu i 4 


470 
2t.5 


0.8 
0.05 


a 7 x - . ie, 
pay eee” 
ry > 7 ad 
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rigid 
4 
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320 Epi: 6570 8 34 Nahe © 430 


18.7 0.35 ee, 4.0 2.0 


So2 INDUSTRIAL WATER SUPPLIES OF OHIO 


TABLE XX 


Total Total Carbonate Non- 
solids hardness, ortem- carbonate 
No. Description ; CaCOs3 porary or per- 


hardness, manent 
CaCOz hardness, 


CaCOs 


SPRINGFIELD—Continued 


431 Springfield Pure Milk Co., 125 Fountain 
Ave. Drilled well, 132 feet, 6-in. casing. 
Rock at surface, cased for 60 feet. Blue 
clay at bottom of well. Level of water : 

57 feet from surface. Pumps 50 gal. Eee pen ml 678 85 
per min.; supply always sufficient. Used G 
for boilers and scrubbing. Brownell ue 
type fire tube boilers and Hoppes 
heater. Hawkeye boiler compound, 2 | 
Ibs. per 24 hrs. used. 


nr 
iS) 
on 
~ 
He 
i=) 


paetead, 49 4940.6 Ae 5.0 


432 James Leffel & Co., Lagonda Ave. and 
Big Four R. R. Drilled well, 300 feet, 
8-in. casing. Pumps 100 gal. per min. 
Supply always sufficient. Used for 
cooling, flushing, hydrostatic boiler Greper eal ae4 32.8 19.0 j 13.8 
testing, and for general purposes around : 
plant. Tried in boilers but was un- 
satisfactory. 


Pts. per mill. 790 562 325 237 


fp. 433 K. of P. House. Drilled well, 220 feet, 
8-in. casing to bottom. Hard pan at 
surface for 20 feet, rock rest of way. 
Water flows out top. Pumped 125 gal. 
per min. for 10 hrs. on test. Regularly 
pumps 40,000 gal. per 24 hrs. Used in 
boilers and laundry after softening. 
Softening plant consumes 190 lbs. lime 
and 20 lbs. soda ash per week. Softened 
water gives no trouble in boilers and is 
said to cut laundry soap bill in half. 
Boilers washed down once a month. 
Feed water is preheated and return 
water used. 


Pts. per mill. 394 357 350 7.0 


Grs. per gal. 23.0 20.8 20.4 0.41 


434 Big Four R. R. Shops. Fifteen driven 
wells, close together, 200 feet. Usually 
pump 6 wells. If all are pumped at once 
wells go dry. Pumpage is about 379,000 | Pts. per mill. 796 490 350 140 
gal. per 24 hrs. Water is softened with 
lime and soda ash at an average cost | Grs. per gal. 46.4 28.6 20.4 8.2 
during 1914 of 3.97 cents per 1,000 gal. 
This includes chemicals, labor, *repairs, 
pumping, and depreciation. 


Chloride Nitrate Sulfate Silica, Free = 
a Mae sapere to caleg 


0.36 537 


0.02 31,4 


7.9 206 


1.0 


SS a ee ee ea 


81 13 a ae 6.0 0.53 14 22 19 daaee 


4.7 O76. 0.1% , 24.9 0.35 he RC A gy ok, nt 


427 78 4.2 140 ys 10 434 


24,9 4.6 On25 8.2 0.70 0.58 
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TABLE XX 
Total Total Carbonate Non- 
solids hardness, ortem- carbonate 
No. Description CaCOs porary or per- 


hardness, manent 
aCOs_ hardness, 
aCOs 


SPRINGFIELD—Continued 


435 Big Four R.R.Shops. This sample was | Pts, per mill. 708 527 357 170 


taken from one of the wells pumped 


separately. Grs. per gal. 41.3 30.7 20.8 Oo. 
436 Mast, Foos & Co., Columbia and Isa- 

bell. Sts. Drilled well, 44-1n. casing. 

Rain water along with the waste from Peg aerate (aes 277 217 a 


drinking fountains supplied from this 
well is used in its boiers by the com- Ginn eal 00.3 16.2 12.7 3.5 
pany. Wrought iron boiler tubes are 
employed and no boiler trouble due to 
rain water is reported. 


437 Home Dairy & Standard Ice Cream 
Co., 323 §, Center St. Three drilled 


wells, 52, 58 ‘and 61 feet, 6- and 84-in. | Pts. per mill. 620 447 355 oF 
casings. Sample taken from 52-foot 
_well. Water along with soda ash is used | Grs. per gal. 36.2 261 ZOE, 5.4 
in boilers which are cleaned every three 
weeks. : 
438 Same location as No. 437. Sample from | Pts. per mill. 564 420 337 83 
58-foot well. ; Grs. per gal. 32.9 24.5 nL ORe 4.8 


439 Nolte Brass Co., 27 W. Jefferson St. 
Drilled well, 65 feet, 23-in. casing, to 


bottom. Rock at 10 feet. Level of | Pts. per mill. 458 382 332 52 
water 8 feet from surface. Used for Gre rereak 26.7 22.3 19.4 3.0 
cooling, drinking, and in general about 

shop. 


440 Robbins & Myers Co., Lagonda Ave. 
and Leah St. Drilled well, 140 feet. 
First 28 feet through clay and gravel; c i 

Pts. per mill. 1152 625 S22 303 


blue clay after going through rock at 
140 feet. No water at this point. Hole Gr 


was then filled to top of rock at which Spel eal: ee Oe es ae 
point an insufficient supply was ob- 
tained. 

421-20, Wo Krieder,. RF. DaNowle s Drilledsit pee per mill. 650 382 365 17 
well, 85 feet. Water precipitates iron 
on standing. Grs. per gal. 37.9 229 21.3 0.99 


CHEMICAL ANALYSES BOD 


GROUND WATERS OF OHIO—Continued 


Mag- Cal- Sodium Iron, Bicar- Chloride = Nitrate Sulfate Silica, Free No. 
nesium, cium, (Potas- Fe bonate ion, ion, ion, SiOe carbon 
Meg Ca sium), ion, Cl NOs SO. dioxide, 
Na HCOs CO. 
51 127 20 O25 435 20 hes 125 10 27 435 
3.6 7.4 ee 0.03 25.4 ee) 0.72 TORS) 0.58 1.6 
30 61 O07 0.5 265 8.0 SD 53 4.0 D0 436 
1.8 3.6 0.57 0.03 5 0.47 0.50 Sal OZ) OR29 
45 105 39 0.24 433 40 24.6 68 14 28 437 
2.6 6.1 2-3 0.01 25, 3 yaa) a: 4.0 0.82 La 
41 100 28 0.44 411 26 20.5 65 14 16 438 
2.4 5.8 156 0.03 24.0 tee Ae, 3.8 0.82 0.93 
37 91 14.6 0.4 405 10 6.5 52 18 19 439 
2.2 5:3 0.85 CMG PAC ee ear 0.58 0.38 3.0 All Sl 
De 166 110 8.2 393 42 L7G p20: 78 22 440 
3.0 of 6.4 0.48 22.9 2.5 1.0 12.0 4.6 13 
39 89 85 32 445 8.0 None 18 54 11 44] 


Des 5.2 350 ee 26.0 0.47 heel Bae 0.64 


356 INDUSTRIAL WATER SUPPLIES OF OHIO 


TABLE XX 
Total Total Cacbosars Non- 
solids hardness, or tem- carbonate 
No. Description CaCOs Grade hee 
‘ CaCOs hardness, 
CaCOs 
SPRINGFIELD—Concluded 
442 Bauer Bros. Co., Sheridan Ave. and] Pts, per mill. 404 370 332 38 
Burt St. Driven well, 37 feet, in 
gravel. Grs. per gal. 23 25 21.6 19.4 ee 
443 Lagonda Manufacturing Co., 1809 
Sheridan Ave. Driven well, 14 feet, | Pts. per mill. 458 395 332 63 
in gravel and sand. Used for cooling 
gas engine, also in steam boilers along | Grs. per gal. LOaT Ze 19.4 Say, 
with city water. 
444 Ridgely Trimmer Co., Kenton St. near Pevsermil: 456 384 332 52 


Oak. Three wells, 70 feet, in gravel. 
Pumped together, 1,300 gal. per hr. Gistoer wa. 6.6 22.4 19.4 30 


Used in boilers and for general purposes. 


445 Kelly-Springfeid Roller Co., Kenton] Pts, per mill. 516 430 340 90 
Ave. and Oak St. Drilled well, 22 
feet. Grs. per gal. 30.1 ASI 19.8 ae, 
446 American Seeding Machine Co., Monroe | Pts, per mill. 620 505 420 85 
St. Dug well, 30 feet in gravel. Used : 
part of time in boilers. Grs. per gal. 36. 2 29.5 24. @) 5.10 
TIFFIN 


Samples collected July 23, 1915. 


447 City water. Two wells, 230 feet, 8- and 


10-in. casings, in limestone struck at} Pts. per mill. 522 349 270 12 
about 16 feet. Pump 600,000 gal. daily. 
Wells are 1 mile south of city. Forms] Grs. per gal. 30.4 20.3 15.8 4.6 


hard scale in boilers. 


448 Sandusky River. Water at flood stage | 


when sample was taken. Used in boil- | Pts. per mill. 360 175 27, 48 
ers with soda ash which is reported 
better than former treatment with | Grs. per gal. 21.0 TOR? 7.4 eS 


compounds. No scale trouble. 


449 Pure Milk & Dairy Co., Ella and Syca- 


more Sts. Drilled well, 106 feet, 6-in. | Pts. per mill. 470 338 307 31 
casing. Pumps 30 gal. per min. Used 
in boilers with soda ash forms poee Grs. per gal. 27.4 De 7, 17.9 1.8 


scale. 
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GROUND WATERS OF OHIO—Continueg 


Cal- Sodium Tron, Bicar- Chloride Nitrate Sulfate Silica, Free 
cium, Potas- Fe bonate ion, ion, ion, SiQe carbon 
Ca sium), ion, cl NOs SOu dioxide, 
Na HCOs CO2 


86 9.4 0.3 = 405 6.0 oe) 42 14 18 
=O 0.55 OD" 23.7 0.35 0.20 De 0.82 ig | 
96 13 0.1 405 8.0 eS 62 10 28 
5.6 0.76 O01 2357 0.47 0.50 3.6 0.58 1.6 
94 20 0.3. 405 8.0 None 66 | 32 26 
ee] 12 O02 237 0.47 Seo) 19 A) 
102 14 O53 AIS 8.0 4.5 86 14 24 
5.9 0.82 02> 9-24. <2 0.47 0.26 5.0 0.82 1.4 
126 27 102 512 20 10 66 12 60 
ia 1.6 0206 29:59 Ae. 0.58 Bao 0.70 Ao) 
96 36 Ora Sau 26 Nesey All 20 2 
5.6 ie | O02>~ 1923 13 0.08 6.1 122 V2 
48 29 BA vn ISS 6.0 16 50 62 KO) 
2.8 Lez 0732 9.0 0.35 0.93 209 326 0. 53 
101 33 0.8 374 8.0 None Us 36 Pap) 
Oe t.9 0.04 -.21.3 0.47 4.4 gal ia) 
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TABLE XX 
Total Total Carbonate Non- 
solids hardness, or tem- carbonate 
No. Description ‘CaCOsz porary or per- 
hardness, manent 
CaCOsz hardness, 
aCOz 
TIFFIN—Concluded 
450 Webster Manufacturing Co., David St. 
Drilled well, 286 feet, 10-in. casing, to : 
rock, 8-in. hole in rock. Water level | Pts. per mill. 448 340 275 65 
16 feet from surface. Used in boilers Grncaesl 6.1 19.8 16 0 3.8 
with open heater and compound. Not ants ; : ; i ; 
much scale trouble. 
451 Sterling Grinding Wheel Co., Broad 
Ave. Two wells, 216 feet, 6-in. casing, | Pts. per mill. 622 428 290 138 
and 200 feet, 3-in. casing. Water level . 
10 feet from surface. Makes much] Grs. per gal. 36.3 2500 16.9 8.0 
scale in boilers. 
452 Smith Coal & Ice Co., Hudson and 
Franklin Sts. Three drilled wells, 160 P at me 
feet, rock struck at 12 feet. Used in ts. perk oul. 504 370 302 68 
boilers after ‘softening with’ lime and f G 
: If 29.4 21.6 ie : 
soda ash by the Dodge softener. A ou ee : e + 
little scale even after softening. 
453 National Orphans Home. Drilled well, 
302 feet, 6-in. casing, rock at surface, 
Water level 11 feet from surface. Pumps ‘ , _ 
900 barrels per day. _ Used in boilers Pts. per mill. 678 452 He 170 
along with a liquid compound. Forms Grotperaal: 39.5 26.4 16.4 9.9 
hard scale, however, that must be 
hammered off. Water is softened for 
use in the laundry. 
454 Hubach Brewing Co., Madison St. 
Drilled well, 224 feet, rock at 10 feet. | Pts. per mill. 646 44] 330 111 
Water level 26 feet from surface. Used 
in boilers along with city water forms| Grs. per gal. Siew DG tos? 6.5 
hard scale. 
455 Mercy Hospital, West Market Stoll Pee: per mill. 386 305 290 15 
Drilled well, 180 feet, in rock, Used for 
drinking. Grs. per gal. PED 17.8 16.9 0.88 
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GROUND WATERS OF OHIO—Continued 


Mae- Cal- Sodium Tron, Bicar Chloride Nitrate Sulfate Silica, Free No. 
nesium, cium, (Potas- Fe bonate ion, jon, ion, SiOeg carbon 
Mg Ga sium), ion, Cl NOs SOu dioxide, 
; Na HCOs COz 
30 86 26 0.56) 335 6.0 Oye 107 18 mks) 450 
1.8 Coes 6.08. 19.9 bs “ee ase! 11 4 ome 


42 101 34 his) 384 By bes Gombe 83 Slate aes 451 
2:5 5.9 2.0 * -0.02 .20.6 6.70 “DAG “9:4 oa C7 

34 92 32 2.0 368 10 0.6 110 46 27 452 
2.0 5.4 1.9 Git’ Sys 0.58 ° 0.04 = 6.4 2:7 1.6 

42 111 42 0.7 344 16 <5, 480 6.0 23 453 
2% 6.5 2.5 0.04 20.0 G.93> ="0.03- 16.5 0.35 ee 

37 114 46 0.4 403 26 None 141 ” 26 29 454 
27> 6.6 27 G02. 234 1:5 8.2 rs ey 

30 72 31 0.5 354 6.0 0.8* 58 18 15 455 
128 4.2 1.9 0.03 20.6 Orgs. 01.05 3.4 ied 0.88 
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TABLE XX 
Total Total Carbonate Non- 
solids hardness, ortem- carbonate 
No. Description CaCOs porary or per- 
hardness, manent 
aCQOs3 hardness, 
CaCOs 
TOLEDO 
Samples taken August 16 to 18, 1915. 
456 City water. Maumee River. Water 
is purified by rapid sand filtration and 
sterilizing with chloride of lime. Alum] Pts. per mill. 774 389 1C0 289 
is used as coagulant. Pumped 20,500,000 
gal. per day. Used in boilers by a| Grs. per gal. 45.1 2D) Sy 5.8 16.9 
number of firms. Forms some hard 
scale. 
457 Valentine Building, Adams and St. 
Clair Sts: Well, 618 feet, 8-in. and ; ¥ 
3-in, casings. Rock struck at about Pts. per mill. 754 382 102 280 
90 feet. Pumps 45,000 gal. daily. Gan penae 44.0 22.3 5.9 16.3 
Used for general purposes in building. | : 
City water is employed in the boilers. 
458 Willys-Overland Co., W. Central Ave. 
Five drilled wells, 530 feet, 10-in. cas-| Pts. per mill. 2128 1216 172 1044 
ings, 90 feet to rock. Water level 50 
to 80 feet from surface. Pumpage 3,000 | Grs. per gal. 124.0 70.9 10.U 61.0 
gal. from each well. Used for drinking. 


459 Same location as No. 458. Ottawa | 
River. Used in boilers with open heater. | Pts. per mill. 494 321 242 79 
Some soft scale is formed, reported not 
nearly so bad as the city water which] Grs. per gal. . 28.8 1827 14.1 4.6 


makes a hard scale. 


460 National Supply Co., Bishop and 
Princeton Sts. Drilled well, 375 feet, 
8-in. casing. Water level 100 feet from 
surface. Water contains hydrogen | 
sulfide. Used for drinking. An ordin- 
ary steel pipe is eaten through in about 
6 months. Galvanized pipes are 
attacked at the joints only. 


Pts. per mill. 2018 1122 125 O97. 


Grs. per gal. 118.0 65.4 Ts 58.2 


461 Citizens Ice Co., Council St. Drilled ‘ 
well, 500 feet, rock at about 300 feet.| Pts. per mill. 1926 1048 115 933 
Pumps 300 gal. per min. Water level 
80 feet from surface. Used for cooling. | Grs. per gal. i) 61.1 6.7 54.4 


City water employed in boilers. 


Chloride Nitrate Sulfate Silica, 
tad ‘ion, ion, SiO 


NOs SO. Ke ¥ 


362 


trouble from hard scale sticking to the 
tubes but the engineer reports that since 


using graphite the scale remains loose. 
5 
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» TABLE: XX 
Total Total Carbonate Non- 
solids hardness, ortem- carbonate 
No. Description CaCQOs porary or. per- 
, ardness, manent 
CaCOs hardness, 
aCOs 
TOLEDO—Continued 
462 Owens Bottle Machine Co., Detroit 
Ave. and M.C. R.R. Drilled well, 356 | Pts. per mill. 3536 1935 155 1780 
feet, 3-in. casing. Water contains 
hydrogen sulfide. Used for drinking | Grs. per gal. PAU eFe(0) eV EG) 970), O30 
and cooling. 
463 Buckeye Brewing Co., Bush St. Drilled : 
well, 650 feet, 6-1n. casing. (Another Pts. per mill. 804 411 105 306 
well 150 feet from this one and 625 feet 
: iI: ; ; 
deep went dry.) Used for cooling. Gye Does o a oe ee 
464 Huebner-Toledo Breweries, Hamilton 
St. Two drilled wells, 500 feet, 8-in. 
casings, rock at 100 feet. Water level | Pts. per mill. 760 395 117 278 
100 feet from surface. If pumped 
too heavily this well runs dry. Used | Grs. per gal. 44.3 23-4 6.8 16.2 
in condensers. City water employed in 
boilers. 
°465* Toledo Ice & Storage Co., Nebraska | 
Ave. Two drilled wells, 400 feet, 8-in. 
casings. Water level 175 to 200 feet | Pts. per mill. 930 452 107 345 
from surface. Pump 85 gal. per min. for 
24hrs. Used for condensing. City water] Grs. per gal. 54.3 26.4 6.2 20.1 
employed in boilers along with graphite 
to prevent scale from sticking. 
466 Toledo Grain & Milling Co., Harrison. Pts. per mill. 642 285 125 160 
and Mill Sts. Drilled well, 308 feet, : 
6-in. casing. Used for drinking. Grs. per gal. 31.6 16.6 SS SES 
467 Same location as No. 466. Canal fed by 
Maumee River. Heavy rains at time} Pts. per mill. 454 188 162 26 
sample was taken. | Used in boilers 
where it forms some scale but softer] Grs. per gal. 26.5 11.0 9.4 eS 
than the scale caused by the city water. | 
468 Toledo State Hospital, Detroit and 
Arlington Sts. Three wells, 78 to 90 
feet, 6-to 10-in. casings. Used for ; 
drinking. City water is employed in Pts. per mill. 576 280 145 135 
the boilers. Formerly there was much Grspereat 33.6 16.3 aa 
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TABLE XX 
Total Total Carbonate Non- 
solids hardness, or tem- carbonate 
No. Description é CaCOsz porary or per- 
hardness, manent 
CaCQz hardness, 
= a 3 
TOLEDO—Concluded 
469 Lucas County Infirmary, Arlington) pt. per mill. 468 DOT FO 67 
Ave. Drilled well. Grs. per gal. 17 GE AGA ¢.2 3.9 
470 Toledo Ship Building Co., Front St. ) 
Drilled well, 529 feet, 6-in. casing. | Pts. per mill. 1682 911 92 819 
Water level 90 feet from surface. Used 
for drinking. River water softened by { Gry. per gal. 98.1 S301 ae 47.8 


lime and soda ash is used in the boilers. 


471 Toledo Furnace Co., Front St. Drilled’ ; 
well, 525 feet, 8-in. casing, rock at 110} Pts. per mill. 2344 1301 95 1206 


feet. Water level 58 feet from surface. 


Used for drinking. Grs. per gal. 13720 Poe 85 70.4 


472 Same location as No. 471. Maumee 
River. For boilers this water is soft- 
ened by lime and soda ash by the We-fu- | Pts. per mill. 320 182 147 Sp) 
go system. The cost of the softening 
including labor and maintenance is 3 
cents per 1,000 gal. 


Grs. per gal. 18.7 10.6 8.5 2.0 


473 Same location as No. 471. Maumee 
River water after softening with lime 
and soda ash by We-fu-go system. In 
the boilers this softened water makes| py, per mill. 222 33 (33) 33 
very little scale, gin. being reported | é = 
for 3 months running. In 3 months} (Gy. per gal. 13.0 1.9 19 
45 lbs. of scale per boiler was removed. ; aaa Fe j 
Before softening, a 60-day run had pro- 
duced 650 lbs. 


474 Mrs. James H. Biddle. Farm on Mau-' 
mee River near Toledo. Well 260 feet. 


Flows 20,000 gal. per day. Grs. per gal. 223) OF ealeOs0 CuO Pe Sho 


Pts. per mill. 3832 2065 LLSITE 1928 


TROY 
Sample taken in March, 1916. 
City water. No analyses were made of 


the city water. Reports show that it is 
obtained from wells and is hard. 


Normal carbonate = 40 pts. per mill. or 2.3 grs. per gal. 
Hydroxide = 30 pts. per mill. or 1.8 grs. ee mal 
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TABLE XX 
No Description Toral Total Carbonate Non- 
solids hardness, or tem- carbonate 
CaCOsz porary or per- 
hardness, manent 
CaCOz hardness, 
a 3 
TROY—Concluded 
475 Hobart Manufacturing Co. Driven , ? 
well 50 feet.. Contains hydrogen sulfide. Pts. per mill. 402 356 280 76 
Used in boiler with Buckeye Chemical Ors per gah 23.4 20.8 16.3 aoe 
Co. compound. 
UHRICHSVILLE 
Samples taken November 11, 1915. 
476 Buckeye Sewer Pipe Co. Drilled well, ‘ 
100 feet, 6-in. casing, ends in rock. Used Pts. per mill. 442 315 222 93 
in boilers wach Lord’s compound. Soft Gia pene. 5 8 18.4 12.9 $4 
scale only forms. 
477 Indian Hill Coal Co. Drilled well, 95] pig. per mill, 396 286 245 41 
feet, 6-in. casing. Used in boilers with 
Perolene compound. Soft scale only. Grs. per gal. Doel Lie A 14.3 2.4 
URBANA 
478 Urbana Packing Co. Well 33 feet in 
gravel. Very large supply of water. | Pts. per mill. 436 360 280 80 
Forms hard scale in boilers. Is also 
used for cooling ammonia condenser and | Grs. per gal. 25.4 ZA 16.3 4.7 
found entirely satisfactory. j 
VERMILION 
Sample collected September, 1915. 
479 Vermilion Oil & Gas Co. Drilled well, 
550 feet. This well was apparently sunk 
for oil or gas and was continued to a mn 
depth of over 2,000 feet. The sample Pts. per mill. 41108 13770 4/5 15295 
of water was, however, from the 550- G 3397 
foot level. It contains hydrogen sulfide Bide ad 0 803.0 “07 * TES 
and should be looked upon as a brine | 
rather than as a water. 
WARREN 
Samples collected October 3-4, 1915. 
480 City water. Mahoning River, purified 


by rapid sand filtration, using alum and 


lime -as coagulant. 1,500,060 gal. | Pts. per mill. 282 187 » 102 85. 
pumped daily. The raw river water is 
used in boilers. Gives a little hard | Grs. per gal. 16.4 10.9 5.9 5.0 


scale. Report that the filtered water 
gave a harder scale. & 


CHEMICAL ANALYSES 367 


GROUND WATERS OF OHIO—Continued 


Mag- Cal- Sodium Iron, Bicar- Chloride Nitrate Sulfate Silica, Free No. 
nesium, cium, (Potas- Fe bonate ion, ion, ion, SiOz carbon 
M Ca sium), ion, | NOs SO. dioxide, 
Na HCOs CO2 
34 86 nat 0.4 342 20 None 67 sears 15 475 
2.0 5.0 0.41 0.02 19.9 1-2 39 ates 0.88 
26 84 42 26> 271 8.0 28-4105 120 21 476 
5 4.9 2s Ovi5 SD AS 7 0.47 O16 onl 0.70 ed, 
5 82 42 0.6 299 8.0 15.0 82 10 Ze ey ERE 
1.1 4.8 a5 bot eee ar. De ae Oe 
34 88 zis) 0.1 342 18 20 53 MEET tee LO) 478 
2.0 a | cS) (ag OC Mee se) led Lee 3.1 le: 
207 5168 4006 4.6 579 2500 None 1200 tears Acid 479 
12> 1 301.0 234.0 QN27- e338 146.0 “70.0 ° : 
17 47 9.0 Oran 124 16 j i 2 86 34 8.0 480 


0.99 Tet 0.53 0.02 Tia 0.93 0.07 5.0 2.0 0.47 


No. 


481 


482 


483 


484 


485 
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INDUSTRIAL WATER SUPPLIES OF OHIO 
TABLE XX 
Total Total Carbonate 
solids hardness, or tem- 
Description CaCOs porary 
hardness, 
CaCOs 
WARREN—Concluded 
Western Reserve Furniture Co., N. Tod 
Ave. Drilled well, 120 feet, rock at 
about 20 feet, ends in sandstone. Water | Pts. per mill. 824 34 40254 
level 28 feet from surface. Used in boil- 
ers without compound. No scale] Grs. per gal. 48.1 a0) 23.4 
trouble. Very little sludge. An open 
feed water heater removes some sludge. 
Warren Iron & Steel Co., Dana Ave. 
Two wells, about 160 feet, 6-in. casing, 
ending in rock. Used in boilers with 
open feed water heater which removes} Pts. per mill. 568 267 382 
a large amount of sludge. Some city 
water is also used in the boilers. Very | Grs. per gal. 331 15)..5 Nhe! 
little scale but after running a week 
there is trouble from foaming when the 
water has become concentrated. 
Peoples Ice & Cold Storage Co., Linden 
Ave. Three drilled wells, 155 feet, 6- and 
8-in. casings. Pump 125 gal. per min. | Pts. per mill. 852 397 295 
Used for cooling and in boilers. Tri 
sodium phosphate added to boiler! Grs. per gal. 49.7 Dee. Tie 
water. Noscale. A precipitate forms 
on outside of condensers. 
Peerless Electric Co., W. Market St. : 2 
Drilled well, 200 feet, 6-1n. casing, shale Pts. per mill, 1228 36 382% 
Berne tts 750 gal. per min. Used Grape: 71.6 21 22.3 
Trumbull Steel Co., S. Pine St. Drilled 
well, 106 feet, 4-in. casing, ending in| Pts. per mill. 1984 56 370°6 
white sandstone. Used for drinking. 
Water from Mahoning River used in| Grs. per gal. 116.0 Si5.8) 26 


boilers. No scale trouble reported. 


34N ormal carbonate 
35Normal carbonate 
36N ormal carbonate 


10 pts. per mill. or 0.58 grs. per gal. 
20 pts. per mill. or 1.2 grs. per gal. 
60 pts. per*mill. or 3.5 grs. per gal. 


Non- 
carbonate 
or per- 
manent 
hardness, 

CaCOsz 


None 


None 


102 


Ne) 


None 


None 


3.6 


23 
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3.6 
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Cal- 
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69 
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109 
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26.3 
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43.1 
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Iron, Bicar- Chloride — Nitrate Sulfate Silica, Free No. 
Fe bonate ion, ion, ion, SiOz carbon 

ion, Cl NOs SO4 dioxide, 

Os CO 

0.6 490 98 uO 90 32 None 481 
O08 2k} Day. OAZ 53 Lg 
0.5 466 54 None Aye 36 33 482 
0.03 DAL one Aap 2a 19 
5 47 CG) 100 -None 162 42 43 483 
O-32, WL 5.8 9.4 ZaS 25 
0.5 466 380 Deh 79 90 None 484 
O03" 27a2 Diep) 0.16 4.6 Ses 
1.0 451 870 None None 62 None 485 
0.06 26.4 50.8 3.6 
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TABLE XX 


Total Total Carbonate Non- 
solids hardness, ortem- carbonate 
CaCOs porary or per- 


ai Des ER 9D hardness, manent 
CaCOsz hardness, 
CaCOs 
WASHINGTON C. H. 
Samples taken January 28, 1916. 
486 City water. Six deep wells, 175 feet, 
8-in. casings. Six shallow, dug wells, ; 
30 feet. Larger part of supply comes Pts. per mill. 716 cell 237 60 
from the shallow wells. Pump 650,000 G 1 18.4 17.3 13.8 3.5 
gal. daily. Used in boilers with Perolene eat, J A 4 
compound gives loose scale. 
487 Washington Manufacturing Co. Drilled , . 
well, 250 feet, 4in. casing. Used | Pts. per mill. 492 413 355 58 
boilers with Lord compound gives loose ( Chee peueal 28.7 14.1 20.7 34 
scale. ] ; : ; , — ; 
488 Washington Milling Co. Drilled well,| pts. per mill. 480 408 262 46 
165 feet, 8-in. casing, endsin rock. Used 
in boilers with graphite. Loosescaleonly. | Grs. per gal. 28.0 La°8 21e Ml Dell 
489 Washington Gas & Electric Co. Drilled] pg. per mill. 486 404 370 34 
well, 98 feet. Used in boilers with : 
graphite which keeps scale loose. Grs. per gal. 28.4 23.6 21.6 220) 
490 Fayette County Creamery. Drilled] pts. per mill. 538 446 337 109 
well, 150 feet, 6-in. casing. Used in 
boilers with graphite to keep scale loose. | Grs. per gal. 31.4 26.0 IS) 7 6.4 


491 Washington Ice Co. Three ue wells, 


18 to 60 feet. Water supply short in dry- Pts. per mill. 526 392 292 100 


seasons. Used in boilers after softening 
with lime and soda ash, by Eureka sys- Cee ea ee an wey 5.8 
tem. 

WAUSEON 


Sample taken in spring of 1916, 


492 Van Camp Packing Co. Well 190 feet. : 
Pumps about 1,500 gal. per hr. Used in Pts. per mill. 602 119 347 None 
boiler causes some scale and a little 
ee : Grs. per gal. 35 679 2002 
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Nitrate Sulfate Silica, Free 
ion, ion, SiOs carbon 
NOs SO, dioxide, 

COs 

Tes 38 25 
0.44 hae? iS 

None 78 57 
4.6 ops 

None 62 44 
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None Sy 40 
320 23 
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0299 4.6 2.0 

None 24 Acid 
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TABLE XX 


Description 


WAYNESBURG 


Sample taken December, 1915. 


Whitacre Fireproofing Co. Water from 
cistern at side of Big Sandy Creek. 
Creek water is supposed to filter through 
sand and gravel into this cistern. Used 


‘in boilers the following was reported: 


“The principal trouble seems to be 
foaming of the water and when it foams 


and comes through the steam line to the 
engine there seems to be a fine dust 


without any grit whatever, and dries the 
oil up so that it is almost impossible to 
get sufficient oil pumped to keep the 
valves working.” 


WELLSTON 


Sample taken January 26, 1916. 


City water. Well, 30 feet, 24 feet in 
diameter, walled with stone, in sand, 
30 feet from creek. Pumps 500,000 gal. 
per 24 hrs. Used in boilers with soda 
ash. Reported that in the fall when the 
creek is full of leaves the water causes 
foaming in the boilers. 


WOODSTOCK 
Samples taken March, 1916. 


Zymo Magnetic Water Co., Fountain | 
Park, near Woodstock. A number of 

flowing wells located in a small grove. 

The deepest is said to be 1,800 feet. The 

water is sold for medicinal purposes and 

as a table water. 


Same location as No. 495, 


Same location as No. 495. 


Pts. per mill. 


Grs. per gal. 


Pts. per mill. 


Grs. per gal. 


Pts. per mill. 


Grs. per gal. 


Pts. per mill. 


Grs, per gal. 


Pts. per mill. 


Grs. per gal. 


INDUSTRIAL WATER SUPPLIES OF OHIO 


Total 
solids 


194 


94 


Deo 


478 


450 
26.3 


488 
28.5 


Total 


hardness, 
CaCOs 


157 


9.1 


48 


2.8 


388 


Carbonate 


or tem- 

porary 
hardness, 

CaCOs 


105 


17 


O28) 


35D 
20.7 


385 


ES) 


360 
PMO 


Non- 
carbonate 
or per- 
manent 
hardness, 
CaCOsz 


ae, 


3.0 


1.8 


33 


ees) 
15 
0.88 


27 
1.6 


Chloride Nitrate Sulfate 


fs: None ee 


-  £f 
. ' . ou 
‘ n 7 . 7 * 
6.0 Acid ta 4030 
ph’th’n i 


45 None 0.24 128 Or os LH. 2st 


= eb) - O.0l ,74 OAT 0.06 3,0 0,35 


Trace OR25 56 14 Acid to 495 — 


} e 7 “ph'th'n 
eek Seed e 6.02" (a8 0.82 
DF 490 Trace None 24 16 Acid to 496 
Dis: 97-5 1,4 0.93 ph’th’n 
La 439 6 OG0 Noses 56 Ad Bisiefoe ace 
0.08 ° «25.6 0.35 3 gat 2.9 


374 INDUSTRIAL WATER SUPPLIES OF OHIO 


TABLE XX 
No. Description Total Total Carbonate Non- 
solids hardness, or tem- . carbonate 
CaCOs porary or per- 
hardness, manent 
CaCO: hardness, 
aCOs 
WOOSTER 
Sample taken March, 1916. 
498 Wooster Brush Co. Well, 105 feet, | Pts. per mill. 550 393 207 186 
4-in. casing, in gravel. Used in boilers 
with compound, and for boiling bristles. Grs. per gal. 32.1 22.9 12.1 10.8 
XENIA 
Samples taken January 29, 1916. 
499 City water. Eighteen drilled wells, 40 
feet, 6-, 8- and 10-in. casings, in sand. 
Pump 600,000 gal. daily. In summer] Pts. per mill. 774 596 345 251 
the supply runs low. Used in boilers 
with Magic compound. Much hard | Grs. per gal. 45.1 34.8 205 1% Aes 
scale and some trouble with pitting. An 
open heater removes much sludge. 
500 Hoover & Allison Co. Four driven 
wells, 35 feet, 6-1n. casings, in sand and 
gravel. Water supplies three mills. | Pts. per mill. 708 548 345 203 
At one a Hoppes live steam _ purifier 
removes most of scale. Other mills not | Grs. per gal. 41.3 32.0 20e4 11.8 
employing purifiers have trouble with 
scale. 
501 Shawnee Refrigeration Co., Mill St. 
Four dug wells, 25 feet, 20 feet in di- 
ameter. Capacity 300,000 gal. per day. 
Used for condensing and in boilers. | Pts. per mill. 772 Soik 362 169 
Softened with lime and soda ash. No ; 
trouble from scale since softening. | Grs. per gal. 45.0 ey etd) PALI SMe) 
Quantity of water varies with the sea- 
sons. Company reports putting down 
a well 800 feet deep but got no water. 
$02 Western Creamery Co. Drilled well, 
64 feet, 4-in. casing. Pumps 30-gal. per 
min. for 12 hrs. Water contains hydro- ; 
gen sulfide. Used in boilers with graph- Pts. per mill. 556 523 452 71 
ite. There is a good deal of soft scale Gromer 32.4 30.5 26.4 41 


easily removed. Trouble from pitting 


at water level is such that all tubes are 


removed every. year. 
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TABLE XX 
Total Total Carbonate Non- 
solids hardness, ortem- carbonate 
No. Description CaCOs aes? or cee, 
ardness, manen 
CaCO3 hardness, 
CaCOs 
X ENIA—Concluded 
503 Ohio Soldiers’ & Sailors’ Orphans Home. 
Two wells. Water level 24 feet from 
surface. Pump 80,000 gal. per day from | Pts. per mill. 460 426 350 76 
each well. Used for drinking. Creek 
water softened by Northern system is| Grs. per gal. 26.8 24.9 20.4 4.4 
used by the Home in its boilers. Trouble 
from pitting is reported. See No. 504. 
504 Same location as No. 503.  Softened | Pts. per mill. 216 145 5738 88 
creek water. Grs. per gal. 12.6 8.5 33 51 
YELLOW SPRINGS 
Samples taken February, 1916. 
505 Magnetic Spring, Neff Park. This | Pts. per mill. 370 343 300 43 
water is supposed to have curative 
properties. | Grs. per gal. ZAG 20.0 1735 255 
506 Whitman St. town pump. About 80 | Pts. per mill. 602 501 402 oo 
feet in depth. - Grs. per gal. B35) 4 ZOOS 23.4 5.8 
507 Antioch College well. About 80 feet in | Pts. per mill. 494 424 340 84 
depth. Grs. per gal. 28.8 24.7 19.8 4.9 
508 The famous Yellow Spring. This spring 
got its name from the huge deposits of ) 
yellow material consisting of calcium Pts. per mill. 404 402 375 27 
carbonate colored with partially oxi- 
, Grs. gal. DS 
dized iron oxide. The flow of water is Fe Ter yeah if at ah ne 
about 110 gal. per min. 
YORKVILLE 
BOO. Yorkville well Pts. per mill. 1468 869 247 622 
, ; Grs. per gal. 85.7 50.7 14.4 KS, 3) 
510 Private well near Yorkville. f = Pad et a 4 ae 9 re: 9 a 7 
zrs. per gal. : ; : 
YOUNGSTOWN 
Samples taken June 1-4, 1915. 
511 City water. Raw Mahoning River | . 7 
water. The Carnegie and Brier Hill ( Pts. per mill. 364 185 80 105 
steel mills are above the point of samp- [ Grespeneal 1.2 10.8 47 eae 


ling. 


37Normal carbonate = 75 pts. per mill. or 4.4 grs. per gal. 
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GROUND WATERS OF OHIO—Continued 
Cal- Sodium Iron, Bicar- Chloride = Nitrate Sulfate Silica, Free No 
cium, (Potas- ‘e bonate ion, ion, ion, SiOes carbon 
a sium), ion, Ol NOs SOa dioxide, 
Na HCOs "Ox 
102 5.0 G2 427 12 585 45 50 503 
te 0.29 0.01 24.9 0.70 0.32 2.6 209 
24 24 0.6 69 6.0 10 26 None 504 
OS 1.4 0.04 4.0 0.35 0.58 Ts5 
79 None Ord 366 6.0 20 15 15 505 
4.6 0.01 21.4 O85 Me 0.88 0.88 
114 1s w 490 20 21 61 me 506 
6.6 1 et Olt 28.5 he 2 TZ 3.6 or 
98 8.0 0.5 415 14 20 56 18 507 
aj 0.47 0:03 24.2 0.82 Mie: Bue That} 
93 None 1.0 457 6.0 0.5 20 30 508 
5.4 0:06 26.7 G35 0.03 a2 1.8 
250 86 0.5 301 40 10 663 28 509 
14.6 oy Ye) 0.03 17.6 223 O58 387 1.6 
234 86 WG." 277 38 11 600 24 510 
13.6 5.0 0.04 16.1 og 0.64 35 1.4 
48 24 4.4 98 30 4.7 95 14 11 511 
2.8 1.4 0. 26 sed 1.8 On27 ba 0.82 0.64 


No. 


512 


Sl 


514 


515 


516 


Di L7 


518 


519 
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TABLE XX 
Description Total Total Carbonate Non- 
solids hardness, ortem- carbonate 
CaCO: porary or per- 
hardness, manent 
CaCOs hardness, 
a 3 
YOUNGSTOWN—Continued 
City water. Mahoning River water | Pts. per mill. 376 200 70 130 
after filtering. Grs. per gal. UNS) ile 4.1 7.6 
City water. Mahoning River water 
above all city factories. The steel mills | Pts. per mill. 344 167 75 92 
of Niles and Warren, however, empty 
their refuse into the river above this} Grs. per gal. 20.0 OF7 4.4 5.4 
point. 
Block Gas Mantle Co., Logan Ave.| Pts. per mill. 1210 90 27738 None 
Two wells, 210 feet, in blue shale. Used 
for drinking. } Grs. per gal. 71.0 55) Leyes) 
Same location as No. 514. Driven well, | Pts. per mill. 502 102 21738 None 
90 feet. Used for drinking. Grs. per gal. DD 5.9 12.6 
Same location as No. 514. Water from ; : 
Crab Creek. Cannot be used in boilers | Pts. per mill. 328 147 47 100 
on account of sulfuric acid in stream Geran 19.1 8 6 17 5.8 
from plants above. 
General Fireproofing Co., Logan Ave. 
Crab Creek. Water is practically all 
from springs and abandoned coal mines. | Pts. per mill. 212 137 110 27 
Used in boilers with feed water heater. 
Tri sodium phosphate and soda ash are | Grs. per gal. 12.4 8.0 6.4 1.6 
put into boilers. Not much hard scale 
reported. 
Dollar Savings & Trust Bldg., ‘corner ee 2 
Wick Ave. and Public Square. Drilled Pts. per mill. 1126 525 295 230 
well, 110 feet. Used for flushing, in 
Sti benieend reine Grs. per gal. 66.0 30.6 Iie2 13.4 
Smith Brewing Co., 425 West Federal 
St. Well, 52.5 feet, 13.5 feet in diam- | Pts. per mill. 984 480 287 193 
eter, in gravel. Pumps 40 gal. per min. 
Used for cooling. River water is em-| Grs. per gal. SHS 28.0 Seed! ah ee 


ployed in boilers. 


*$Normal carbonate = 5 pts. per mull. or 0.29 grs. per gal. 
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GROUND WATERS OF OHIO—Continued 


Cal- Sodium 


cium, (Potas- 
Ca sium), 
Na 
52 21 
3.0 1.2 
41 21 
2.4 es 
24 616 
eS 36.0 
25 115 
135 biy 
33 21 
9 iz? 
37 14 
eee 0.82 
146 aR 
8.6 6.6 
130 133 
Thee: Hows 


Tron, 
e 


= 
own 
w 


bo 
to 


=) 


ileials 


Biecar- Chloride = Nitrate 
bonate ion, ion, 
ion, cl NOs 
HCOs 
85 28 3.8 
BO “fend Aap <29 
91 18 3.8 
5.4 i ies OF22 
San 520 None 
1923 30.3 
265 146 0.5 
15.4 8.5 0.03 
57 8.0 | oy 
$43 0.46 0.09 
134 6.0 2.0 
Fas Or3s Ott 
360 196 None 
ZE0 11.4 
350 170 None 
20.4 le 


Sulfate 
ion, 


SOu 


114 


42 


145 


Silica, 


Si 


of 


58 


20 


44 


On 


58 
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39N ormal carbonate 
40N ormal carbonate 


TABLE XX 
Total Total Carbonate Non- 
solids hardness, ortem- carbonate 
Description CaCOs porary or per- 
hardness, manent 
CaCOs hardness 
CaCOs3 
YOUNGSTOWN—Continued 
Crystal Ice & Storage Co., West Rayen | 
Ave. and Erie R. R. Four wells, 300 ; 
feet, rock at 40 feet. Cannot be pumped Pts. per mill. 2 a7 aly gs! 
at full capacity of the pumps. Used Gragver ck 48.4 24 3 17.5 GR 
for cooling. Was tried in boilers but | 
gave too much scale. 
Crystal Ice & Storage Co. Well in 
. Elizabeth ; 3 
school house yard north of St. Elizabet Beiucanal 562 389 240 142 
Hospital. Source of water supposed to 
be from an abandoned coal mine. The Gis pereal: 32.7 22.2 14.0 8 3 
company proposes to try this water in ; : ; 
its boilers. 
Renner Brewing Co., Pike St. Two] Pts. per mill. 692 372 167 205 
cisterns, walled with brick and boiler 
plate. Grs. per gal. 40.3 21.6 Seal Li) 
Youngstown Sheet & Tube Co., East] Pts. per mill. 220 120 160%9 None 
Youngstown. No: 6 well, 108 feet. Used 
for drinking. Grs. per gal. 12.8 7.0 GS 
Same location as No. 523. No. 9 well, | Pts. per mill. 182 130 137 None 
110 feet. Located 3,000 feet from well 
No. 6. Used for drinking. Grs. per gal. 10.6 Kas 8.0 
Same location as No. 523. Raw water P sou 4 i 
from Mahoning River. Used in boilers ts. per mill. 396 182 67 115 
after softening with lime and soda ash Gren pep gal 23.4 11.0 3.9 6.7 
by We-fu-go system. : aE, aes ; 5 ; 
Same location as No. 523. Mahoning 
River water after softening. This water 
gives no scale trouble but causes prim- | Pts. per mill. 414 17 None”. 17 
ing when water becomes concentrated 
in the boilers. It is reported, however, | Grs. per gal. 24.1 Ae (0) 


that blowing off does not seem to pre- 
vent it. 


Noi il 


Hydroxide 


5 pts. per mill. or 0.29 grs. per gal. 
90 pts. pergmill. or 5.3 grs. per gal. 
20 pts. per mill. or 1.2 grs. per gal. 
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GROUND WATERS OF OHIO—Continued 


Mag- Cal-’ Sodium Iron, Bicar- Chloride — Nitrate Sulfate Silica, Free No. 
nesium, cium, (Potas- Fe bonate ion, ion, ion, SiOs carbon 
Mg Ca sium), ion Cl NOs SO. dioxide, 
Na HCOs COn 


SS ee ee ee ee ee ee 


30 117 120 0.8 366 132 None | 168 26 13 520 

1.8 CG 76 VO De re 9.8 Pe ee 

39 89 17 0.6 293 26 None. 123 30 53 521 

2% §9 LO .00t *t72 is Fe ee 

24 109 32 0:3” 204 64 22 125 28 CO” KB 

1.4 es 9 9025 tia: 3.7 Oe dee Léa ecak 

9.7 32 36 0.4 195 20 OREN Wetne 1 9) None «533 
litel 

0.57 get es Ae ae hae Ae ne res eae ame 1.3 

et 34 rk seals 12 At alba Maratea 0) ane 
littl 

0.64 2.0 0.68 0.03 9.8 0.70 cies 1.8 0.23 

16 47 31 7.0 82 30 3.0 107 12 26 525 


0.93 P| 1.8 0.41 4.8 1.8 0.18 Gr2 0.7 1) 


4.9 None 128 0.26 None 42 O55 eS 28 None 526 


0229 733 0.62 7S 0.03 Gun 16 


No. 


527 


5S) 
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532 
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TABLE XX 


Description 


YOUNGSTOWN—Concluded 


General Fireproofing Co., Logan Ave. 
Drilled well, 145 feet, 5-in. casing, in 
rock. Pumps 6 gal. per min. for 12 hrs. 
Used for drinking. 


ZANESVILLE 


Samples taken April 15-16, 1915. 


City water. Muskingum River water 


treated with hypochlorite. Pumpage 
8,000,000 gal. daily. The city water is 
used in boilers by the B. & O., Penn- 
sylvania, Wheeling & Lake Erie, and 
Ohio River & Western Railroads. At 
the pumping station graphite was em- 
ployed as a scale preventive but was not 
found satisfactory. 


Hemmer Ice Cream Co., 335 Sixth St. 
Driven well, 75 feet, 6-in. casing, in 
gravel. Water level 30 feet from surface. 
Pumps 75 gal. per min. 


American Encaustic Tiling Co., Linden 
Ave. Four driven wells, two 30 feet and 
two 42 feet. Pumped together yield 
100,000 gal. per 24 hrs. Used for drink- 


ing and manufacturing purposes, 


Same location as No. 530. City water 
from mains before treatment. Used in 
boilers after softening with lime and 
soda ash by We-fu-go system. No scale 
trouble. 


Same location as No. 530. City water | 


after softening. 


“Normal carbonate = 40 pts. per mill. or 2.3 grs. per gal. 
= 30 pts. per mill. or 1.8 grs. per gal. 


Hydroxide 


Pts. per mill. 


Grs. per gal. 


Pts. per mill. 


Grs. per gal. 


Pts. per mill. 


Grs. per gal. 


Pts. per mill. 


Grs. per gal. 


Pts. per mill. 


Grs. per gal. 


Pts. per mill. 
Grs. per gal. 


OF OHIO 


Total Total Carbonate 
solids hardness, or tem- 
aCOs porary 
hardness, 
CaCOs 
250 G7 167 
14.6 ROS ORs, 
454 225 Lily 
265 Tat rs) 
926 592 322 
54.0 SAS 18.8 
594 417 232 
34.6 24.3 13m 
476 ATG 115 
27.8 13.2 6.7, 
364 32 (41) 
Nee. 


Non- 
carbonate 
or per- 
manent 
hardness, 
aCOs 


270 


15.8 


185 


10.8 
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GROUND WATERS OF OHIO—Continued 


Mag- Cal- Sodium Iron, Bicar- Chloride Nitrate Sulfate Silica, Free No. 
nesium, cium, (Potas- Fe bonate ion, ion, ion, SiO2 carbon 
Mg Ca sium), ion, cl NOs SO« dioxide, 
Na HCOs CO2 
13 49 20 0.7 204 24 0.25 - Very 46 5.0 527 
little 
0.76 2.9 tee 0.41 RS 1.4 0 ogee k 0.29 
P22 70 47 IA 137 88 1.8 66 None 1.0 528 
(1a gh 4.1 in A 0.08 TRS) 55 0.11 3.9 0.06 
43 167 59 14 393 50 None 210 None 19 529 
ZS 2 er 3.4 0.82 22.9 DBS) 12.3 Thal 
27 123 19 “0.8 283 26 953. 150 18 10 530 
L.6 ee ial 0.05 1635 125 0.54 8.8 i ea | 0.58 
14.6 67 46 3.6 140 90 kaye) 69 18 1) bye 


0.85 J Dal 0.21 8.2 Jae Oat 4.0 Wel 0.06 


102 68 14 None 532 


1 0O 


122 0. 
0 


— 
oO 
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TABLE XX 
No. Description Total Total Carbonate | Non- 
solids hardness, or tem- carbonate 
CaCOs porary or per- 


hardness, manent 
CaCOz3 hardness, 
CaCOs 


ZANESVIBLE—Conduded 


533 Findeiss & Hecket Co., Muskingum and 
Harrison Sts. Driven well, 59 feet, in 
gravel, ending at the rock. Pumps 125} Pts. per mill. 1150 685 So) 313 
gal. per min. | Well was originally 40 ; 
feet deep but went dry occasionally. | Grs. per gal. 67.0 40.0 ZA, 18.2 
Used in tanning. City water is used 
in boilers along with tanning liquor. 


534. Marks Manufacturing Co., end of Mox- 


aianAyer Da il) Gites. 6} : 
Gee eb wee ‘22 | “Pes, pertinills pd dsOem GaN GS 705 


in. casing. Water level 18 feet from 
surface. Pumps 100 gal. per min, Used Groene 85.0 57 Q 16% Zice 
for drinking. Use softened river water 
in boilers. 
535 Same lccation 2s No. 534. Muskingum] Pts. per mill. 446 225 127, 98 
River water. Grs. per gal. 26.0 131 7.4 Da 
536 Same location as No. 534. River water | \ im aE re 
after softening with lime and soda ash Pts. per mill. 324 ie, ae) 32 
by We-fu-go system. Ferrous sulfate Giseper cal 18.9 1.9 1.9 
was also used to help clarify the water. 
537 J. B. Owens Floor & Wall Tile Co., ’ 
Pts. per mill. 208 125 72 53 


Dearborn St. Drilled well, 65 feet, 
4-in. casing, in rock. Used for drinking rey on as ie a 
and cooling gas engines. 6 1s (ch > 2 ’ , 


538 Mosaic Tile Co., Cooper Mill Road.) 


Drilled well, 50 feet, 52-in. casing, | Pts. per mill. 882 612 195 417 
ending in quicksand. Pumps 25,000 gal. 
in 24 hrs. Used for drinking andin man- | Grs. per gal. leet 35.7 11.4 24.3 


ufacture of tile. 


“Normal carbonate = 50 pts. per mill. or 2.9 grs. per gal. 
Hydroxide = 27 pts. per mill. or 1.6 grs. per gal. 


Pr ty. Ps . Th. ’ 
VATERS OF OHIO—Continued 


Chloride Nitrate Sulfate, Silica 
jon ion, jon 
cr NOs $01 


4x50 104 
O26 32,9 


165 Nose? s e2> 238° 0 mh yc! 93 84 aia Bey ut 
9.6 Obes 1329 7 sgcsa> D218 19.8 abo 50.47 is 
Ais = 
a 
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(References are to pages. An extended discussion of a topic is 
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Softening of water, 123-56, means that pages 123 to 156 inclusive are 
devoted to this topic.) a 


. A ‘ 
Page 
BeicG ahd DacegeSYSteMS Of COMPINING.... «cb ov cow wissen daenyeenceciteandets 29 
PPMBCRNBRREYEN CREME ii Se RRC is Ela, Ph LEGS reels oN oan es nln ar ars Wate tad heen Shaw aties 131 
Air, removal from water, effect on condensation.......... 000. lecceccceceuece 112 
MURR P ar alge OOF Ma tEr TS iene eke Oe yafeiias hie ch hice, Seales ott Oe heats wee 224 
Alkalinity 
PAUCTIL VR MU EOSICE:: CANGE OS ci vole 8. hice chi e Riek eee: ee Ae Ta. -. 52 
CAENORATS BOCANESS “CONMUGCED, With s ooo. oo ciceaae we ae aie teh eR Ose es by 
MaPNON METER NESS CATE AGS chs crocs i OO oath os een arash MESS RRA ee ates 78 
SR EAT DONATE, CAUSEIOL << :tioe 5 w.caiss Stic (CU seat eR ela we eee 52 
DRE ERR atC. CAUSE Ol. 20.055 a5) fos tena icPara aAeEOid Seoh cata th es 52 
Mitance vonatyses of Mahoning RIVET ince ok a « creesskeracge e wis large ee Ge ane mines 174 
Sa ARERR TON ISE WUE Se SE Siete RIN crsicl seis elo IE PTI ISR STD aN CHE ee 176 
RIPE SE Ae eee ON Lye Note ie hc Beth ch i Gog her Gh Ty eine ake 100, 103, 110 
Oo ORE 6 ANS aE SR is Sie a eine a Ai gee Ems SRR) BSS Ae, 156 
PMRREEPERSIA NER OS GS Be he ie cm sal wah caters eth OLA Ae tare een aR De nga 10 
NUMMER SI OTT ATG BAAR eS coacne sites ie acta Ney oho oye a ade WH SE LTE oe Pea 156-7 
rep LEN Be, 2. Set IS pg Ee Ae AD AI rao aS Os ign oe at RR Bay Cec ey Soest 156 
Eris an Oe pli: FAeAl CH) ASSOCIATOD Se crecieereys\ dicts ote gree. seheeie ~ Leach ee 14 
fy CPST SI ap Be aS LO AOR nn BR OO, a dh RP a SAT 10 
Analyses necessary for softening calculations...............00c0ec0eeveeeeees 137 
Analysis, see Methods of analysis. 
rR ua Nee Pg oe Se aa ORE ees AeA Rat ee ago eM r RENO, 13 
RETR ER AAPOR page ASE Ca renee OhS Ee coacne) atate e Pold toe a heauele amore oie ol aedichene Bees 14 
PSPS ST BEES PELE TORE) Se ght, Seas Be eee PP ORE aa PNC 7 RE IRE TAT Oe 66-76 
APART OU OE Are ee Me ISNT oh alas Ske Ticvedatelaiscelh as csi s tsfbist ats, Se arate eemas 13 
EM Te Sea Skies sens Chane EIS ORI ARCH or ania eae eee eae emer SE «i414 
Ite He RULE ASCE oat eae ey 1c ic ci alaion tactic Geter e airise o Maen ae bie Ne 38-65 
PNA yn ie cE Aa ni ena EI EOP S Greer cei om 14 
EAA EX A IUOATIOMe sw cite cares feruerors-ayells sien eeiptearineens, 27ers eiph tas eatesete 39 
RAIDER ELOTESUANAS WLCLEM DN tr aisle iets aces k ole eC Loos ieicar a. 4 2. a-0's/eaahel odeponeherereroayehe a of 13 
MRRMOLESECULCEU IED, RCENOG peti eci fle carves siete aie tie 8 aie teate prscy<w oa Dhepebaienoiewe 39 
SELES 27 - ye. c Seg arene ac EN ORIG DERE OCI ROOD OMO Lo OPT Cane 13 
SALE TEER EEO LICE STINCE OLE ree ak Oe cic tt sak os ok he ole Vmal c gi ae atk Chaar St 16-26 
eae aie ED eee AM Te ME yeas 28 vs Waloatiaie leurs Grane vw ei bt ect 0's) aba omep 89 
Eun e (CHAR e: ENNIO. 4 ah bie Snchcttel aati Berean eR Erinn cmingentede create 162 
SRS a fT EN Me Ne ee OE MeN es ons a aia gh wits in'o-. 0 osha ate cbancrara ale shoe LOMS 
Ashik aLia ySeRLOL WATEIII Gecie ieltin eleelele s lale\ else pele «tinue sles) eels aii ielale: opps 230 
eaeabilawanalyses Of Lake IOTte ls feces «i aleisioinel > a0 .0yrrip.sincals einle aleisicie oiainiae nis 164 
Ayalkegess TAT ACTS TG As bE oe cei le ODED ERAS BEM Cy ace oe rain ecty 232 
PUM AIN GOS GP WAtCE IMG: aioe oko ee te dss ctir sp eciny pelea set oy eae saee 232 
UCI AUZER RAV CLS ADLAL VS CB). vr ova s iis «ele oi, o cote « eCCae TL EL) Sue ees ves es 162 


388 INDUSTRIAL WATER SUPPLIES OF OHIO 


B 
Page 
BAN CEORC cc oa oe ore eo Ee eG eer eee Ta nee Ta ccna nr oT ease Mea iets 
Barberton: analysesiof water 1nuci sates netstat pie cies t tries cere tenets oer 234 
ACh Ubi oC ROL CR via SEEM PROT raion SNeEY) Se tea Meme dni Aas oate © 3 10 
Barium carbonate, requirement for softening, Stabler’s equation for...........-. 76 
Bariihm:conipounds, use in. softening. sds. sees se ame se) cles alae irene ee he 133, 
BATE OWI CRS Meteo tah Wel Pater ebailcte Seno FG ee ET ASA DOES): 87, 89, 92, 124,.126, 133, 143 
Bases and acids, systems of combining..................-++0<- sir keen ee 29 
Batavia, analyses of East Fork of Little Miami “Rivers oostis aca tee eee 188 
MS AUST Rae Tee eee aS No EL Ea ee a BME ek Rt Ts 105 
BB AAV LTS Maer ses aur cos oN eat ee Come ase R EL eee Teco UTES, ca Ro es cae me 103, 110, 158 
Behavior-of- water any Users seca. estes scar oe he Sah aaa ee Aes fat giy ore a bssiae 77 
Bellaire; analyses of Ohio River....:..-.- 25.0.0 aed ba eteakou Se Sea 194 
Bellefontaine, analyses of waters interac sesniteva se eae ee ete cee arene tere een 236 
Bicarbonates, determination of in presence of carbonatess;.".4ascee ee eee er. 53 
ORGAN ATS WAC CT Ard traits takers ane Oe ete ae See ey SARC © td LA ee eee 10 
Blanchard’ River vanalysesmanscrae nt cits fk fel ot scent siete te ee ee ore 162 
Blueticle Spring Castaliaanalysisnaee 4. iy cate teens ete mt tenets eer nr 248 
Board, ot bea lth; State srccev-tey ee pines acter ane eee ee eee if 
epo) rts of, containing sutfacerwater analyses....7. 0.52. eae tne ee eee 161 
Boiler compounds, see Internal treatment. 
BB OLON oe A See Fees Ae Mose eR UN ee, ok ns aS EAST Rn OT ea les cep 10 
Bowline,Greens character of waterineen) vai ate eenaeea ee eee ee ee ESE AV UNE 238 
Santis (jetty ice RAR a eat OR rah ec CUR MM PRINS Fear ace eet Rar ty Led oO ENS 
Bucks Creek; ‘anal ys@ss)5kccccs ote eae cols irs ane a aC eS cee, ee 162 
Bucyrusscanaly ses of Sandusky-aRivietecae tices ides es aie eee a oe eee 208 
chatactersof -wateran:cteeincanea ding Gee nie Fes ee eee 238 
Bulletinsthissaccuracy,.oh analy.sesuiest sci scaces ed onesie eae cee eee tte ene 223 
ALI OLE oo he ctajocia Home GaNe SH eeeeeale eke co «<5 0 ACS ET ae ne a a ee So "if 
FOr: Whoiaswrit Cems ch Seer meets re ahaa ae alec oe ed Oe at eee 7 
methodvofianalysis:used trimers ace re cen eee Te as eee 38-65 
presentation’ of, Lopircssamethodemecrcr 1. isxcke ee eee ee ee ee i 
Burntilimeivs hydrated: lime: sogeeeete oe oat ee ee 140 
BU shat csaue ofot s aotas ness: vlc eaaec ta ak shed tet eebralie aoc ae sR ee ach Se ae tia a 119 
C 
Cadiz,icharacter; ofawater Inkic satan ee ote ee ee eee 238 
@alciuim,\determination “of. o.. 4 so ancemeet Acie oo ee eee ae 45, 47-48 
@alciumybicarbonate.. |: 5. nso cee eo ee oo ee ae aN ) 
hardintess;eminimum reduction, cee wee cre eee eee 127 
alime;as precipitant for... ose nei oninml Ooo ene ee eee 124 
Calciuimecarbonate,. solu bility.ofe:-qaen senor eee eee Sawai he Geet 127, 128 
Calcium hydroxide, cause of alkalinity.....1...:.:...scs00 0s co et eens eee 52 
hard scaleidue*to.sipv ats hacen eles on ee 94 
Calciumisilicatesconstitwent of scale... uate sonnei e 87, 88 
Calcium sulfate; adherence to boiler..): 9 2032..:2.).22..2. 1202) ee 85, 86 
causerot hard’ scale ti.3...0. chan sci RONG ee ee eee en eee 88 
constitu entiof scale ssi chats ee ee ee eee 87 
hardness,’ minimum teductronia.: sce Seer eee ne 127; 
origin im waters hc 20 2255 2 a ek ence Seton oe ee ee 9 
Caleotte. ee vag Lees Oe eRe UI UE es Bc ee ashen 104, 108 
Cambridge, analyses Of Waters"ine. Mos y Actes eee ee eae ee Seba sats woh 938 


INDEX 389 
Page 
Ree Se I clay sSiiewlcs os Cudaghiladinweelen 131 
@anal Dover, analyses of Tuscarawas River.;......c.. ceccccucccuuececcgvus 218 
STIGNUCOR EOP UMGERT RUE Rew ft hk i Uy pole me ot to Oe 240 
SPT EEME MEMO CMMRERR ie Nore Soller vin «<< ruins W vin Guhod ica ud endhieks 63 
IGawtons analyses lof Nimighiiien Creek, <. co voce hoy occ ck cde calc odin bales aie ace 192 
SEL REE SATE AIOE Ea OE ret cc a bn 242 
~ analyses of West Branch, Nimishillen Creek............0cccecceceeeceue 194 
Carbonates, determination of in presence of bicarbonates or hydroxides. ........ bg 
HOS Ein Cen Gi PRE aT Nos | kia RO A 52 
Wiatnouaer Mantners. sOeMMtONE ceeeat sak 18 kN aortic) Seok ulek e cies ee ae 78 
CORSA SORE ARE nA EE NEE ASC een RRS edt 51 
Bou A NTR ET Mee ae ESS 2 NE ee, aa ae a SR ee Ce 124-5 
arbor arexidectree, determinations) sscscsd ss eee hele oes cadres haven 40-43 
Ce OP SE ASAE COMET 6) CTY 20 be) sem OR aR ca aR I SU UN 41-43 
PRG: SEAS AGES We Sra 1 7 tli aC AR el Son cali Dee 123-124 
BURRS Fi aaUN TEE) RIVAL EN nest eee RT i Tet NN ead teas i 41 
Standing in cantainers, effect on sample.<... .2..cl cece des cles eleab onus LAD. 
wo TRON Tig Tee oS REA os Sn Se A cee a ee ge Se AO a 39 
Piernonaemaciad tHeory-OF COrposion,, 6 282 a2) lt Se hl Bei we has neni 96 
Cast iron, hypothesis accounting for resistance to corrosion...............4-. 104 
Eieiaia waned ysisrOr lie Toles pliner: sci.) oc ex Pobces os toes se ee eens 248 
Sear Gke te eee oho YR RR US Bee DE Ss ne ae ba ite & Piel alert nde at 5 158 
Pome Pears ker aCe Nik WATER Woe eae esis sed vie ON. Lee Fo mena ne ee ee 11-12 
Oe OY RETO Ee LOT led bo) ye pre teen ap Aes ent a 2 CRS ey ct 12 
eatin CG Natta fe at Pee Ceti ek ele at eee een on aN aiate 11 
as PEL UIIE VEOM EM BOM, Fe) Aish pala fares 6 ante Chie Mo ges OR vie Geren e ere 11 
Salta AOR ot al W GES ON BV ATETE BI sie nor, aht oe tee oh AN tne oA Daa et aby, shea aee 248 
een Ee hams RAVE LISS [ogee tie 5 Che ce (Ona rai ee ea ant am can Ane i Pa Rete 38-65 
Chemist, employment of 
ROM AmeT GALS EARLY SIS Me 7, dons ie ct eels raio Fike OMT Oat An le eral ahd) Sooner visas 14 
cGb In duneEdAIANGlW SIS. co ycldae on) ous rakes IRS Onan ha oats opened avane 15 
PeseGG AnaIV SER IE ALCTS Wl oo sarorr ssn sees ots apere TA PE Ske ee eS erm INS Ste 250 
LOPE POR GPSS chet oor be) Bee dies Bere th cok a Re ee le Peto tae SCY A 54 
STU Tayi yee op pee, ee A ee ey Ene pe i Nee een er eR ae Ne 10 
MErsONEIN A tES ali ALY SES OLA ALELS (ID ai op.actu3,2 Go 'a).b rome cits vt encveretat eh Penis abt eee 252 
MaeCleniiles aABaly SRO O.CLOLOU RIVED: os S22 cele tothe ai acety oOo oisichns custere inkeishotevetela a 214 
MEEAIMECRYOL SRATETA ANGER 5 ict ere ala atthe aly ccaca to hae valoda arate cA ib loh sa iy 258 
aA Ee ee Oe ND Ne Co rathnde reac a eh oe oa aA dy cheat bern a ah 222 
MMICMMTCAEIOR GO NV ATED RM 1 crate ct ae oreis-¥ autos et cities eset Wiis 0) eoaLor ahs Gale reo 156-59 
Sel nt Ord a Sf SR Tae ye See See san cea aOR LAr Sera e er 156 
PMPe rar TEP INT ANAT O RIGO tone ttsie itor: nanare. < ce Sad Lots Ma ely Rigs tye als SRave st Olas 156-57 
PUM ATUSEUNU EAL GARE a aie A ee ene, ox hci AS eee Seas CAS SRM a etaetel tale Wore : 156 
SORT Ue Se SRA EA en en, Wanna. Cainer ee a 156 
Coa ciation, CONMItIONS AMeCCEIg™ 2A s'es vatis's bw hpe'HHetsln'e vislelal ems e's yum 157 
copperas..... eb Meera ie at arikote octal t cls talactcie, siahalels shctersisrane Er aned 156 
ML RMIAIESESULT ALE Prelate wads KE a oles Dotoesd rae coals < Philovoin otvbiialy be StaMaacee 156 
Bell Cae ae rae Orth HRA avarersial ec faroly ato! hs SYN RAR Lawl FM iy fe, et eater thee 157 
hydropen ion concentration, effect... 25. sae wim ec ese ele aren ene wleriete gis oie 157-59 
STIS UNE ee an ane PN ET Ris inet meio eais shy it do's ewig te © abo Be empER 156 
Mo meceaaet CL a eH ECL ick emi rine «cise alrite ad cle So eaves eke tosis Palate oars Sange 158 
Mail Tepe prt ate oles eR eeca sia Vo scl, g 2 oseValer S08 digs So sfallelle/s: p/n} ste ate) ai nq) sbaxe 157-159 
SOCMEMCRIT INOS CMPD NIE: Cie LNs co ilav are favre beside telc's ee boo aS) we Nel tas gta i ala 156 


390. INDUSTRIAL WATER SUPPLIES OF OHIO 


Page 
Clark degree of hardness......... Ea TG bea LOR REO UE 45 
Glemventys tee e ye heres Re eee an Ee aloe eee Cah aetna ene 113 
Glevelandeanalyses, Of swatens in), .:k- clot oaba-tar ihr ela| +) oersiause nite eisai tet ieee 260 
Clevessanalyses of Miami Rivers, 12% ceeicmoes > oe mies ote a eee ence 184 
Closed eaters 65 oe ete Sete RUPE Sooo E ees oy Te ee ener gee ee ea 150-52 
Glostines epror.Ofs ci be vats A skh oT eae Ele Oe Ae wens De ole ean ar ana ne tec teem 26 
(Giieyail eh Cee yO Ctra oCeeN cca clunc sro ra as Avec de 156 
Coagulation (See) Clarifica ton) ase sermaeeess ee meets orton aoe eee ee 156-59 
Coatings PrOtECtivie sispos sinisu Je cicpeucedesetere ae nha tava ay ore sue =e een eae se 102-4 
Gochiraney i) eescerve doesent wa teec ett rn beet cir eish otal cated: etter ene ee ae te ase 100 
(Oe | ieee ee ase ae ene ran pee Oa Rate n eens horse Sth o Seo ~ 26S 
Colloidal theorynof COrrostonee wtees tah © ok concn ticctus into eee eee ae ee 97 
Colomeremo.alame (sees Clarthication) meg eyed acy See tet ret ee cee 156-59 
@ohuimbuseanal ysessofs Olentangyaelivet aera cules sie tele aie ane ence enero 206 
Analyses Of ClOCO RIVET jo niis icc sac ctolne oie eee Sate: ie Sty evens uae Sree 212 
AMAL y's esi Ole WaATELSu Muito. Avids Seeeath s ach staidieres obec Ce eae eae Peat ee ee Sa 264 
Savings due to use,of softened: water iN. vc. 24 a) eee nee 81-82 
@ombinations tactorseiess at. hese heen bees Src eke As otoness len thak op aatniaae age cr nea 34, 35 
Compounds, boiler, see Internal treatment. 
Conditioning boilerwatersbdallisiprocessa.-1 1. -tae siesta eee ener mre 92 
Conneaut, analyses! ob Lake! Rime). 3.1.7!) re vs oinieae 4 degate a ee eee ee 164 
@omtinuousesohteners'y-c.uw ces veh Maia soe fet ioks aloe rele eee oe ee ae ee 136 
Gontrol of softemi nes yop ees. c so eel eck oe dvbie 10 ene! neers ea meh sean huepedi toy Sek eer eee ee 146-49 
by persons without chemical experiences... >." 4-1) 9e2 eae eee 149 
GOrroslotie cee eg a tae SOR hee GA ad ba A awa Sate OR RR ee 95-113 
PU yoroevaveh Coqnosceniay wililetooogoeeakaancoheacuboocttaudcsewoona.: 103 
CATDONIC A CLGOtheOTy Otc ee tess. he nvm clbeees eager Oe te eR EN ee 96 
cold water conditions..... rare Pe TEE RSE Bess Shey he Gee ek.g da 109 
collordalicoatine protections asaimses mcr esas silence ieee renee see 103 
collord alstheany, Ola. crs were ale sis ke ao vosces che ote Fit ae ee ee den eae a ee 97 
Cumberlandtprocessstomprewent.. o> oa «cs ole el ee eee ae 113 
diffusions rolexofiinsk sie trots le Oe wise ae aes be eee 97 
electricalimethods for previentin aa.uck on ole ee ee eee 12 
electrolytic theory. oferty eels ok oe b waipheltsheve Asie e eee PEPE 95, 109 
electromotive force; counter, as preventive.....0.0... ss... 42s sen eae 113 
erosionvol protective layer cies ace « otia eicse-iioe, oe ae eee ee 106 
ferric hy. droxidefilm) as protectionjagainst.....).- nie iets cre eee 103 
Staphite coatene,formationson cast ICOM mm.) ree enneie a ennene eee 104 
hots water cOmditionsy ei eee eee Lie hina leic tat eile anes Ree eae ee 109 
hy.drogenvion concentration, ethectsc su. 2 cs, sie cne enna eee eee 99-100 
hydrogenvsullfide (Vsubfure prethects. acm cise choco crete nearer eee 107 
independent of hydrogen ion concentration... 1... ass sve eee eee neers 99 
low hydroger ion concentration as preventive. ............cssssssseeeee 109 
metal character; of, eect. 2; aneris caustics co ferrin c Sete ee 101 
miscellaneous factors.ahectinga weet mnie ail eit ieee eee 104-107 
NON=COLrosiv.e.al loys: as’ preventer seme ire eieiere ed tee eae 109 
ORY PEN, CECE hecione ds enc Food g Seat ea Ne anes ek ee 95-98 
oxygen, mechanism ofsb.eh arid One meni. meta em reaeerae een tee 97-99 
oxygen, removal a's Mrevientivieln. cai drckaclro orekeescale clean eee 110, 112 
Oxygen, unit of torexpress.ra tends mec tees etek erento tet ae 108 
penetration, rate Of lsd 2 ito cds bolo ote en ee ee 108 


Pittingy cause Of je unon fg oss aks, oti suarderdyers oi tear thane etter eae ee 107 


Corrosion—Concluded. Page 
i Dow Cone. tes Se i a rr re 109-13 
See OAR eB eA slate vities ha ce cen ona we 102-04 
PAL CODRIOCMION OR CROCHET at os ore vars. o'e God asad ord vane nuts vw aed cee 107-09 
RUE SE coe oo asus is cea os Shoew OCP ee pe lee he 106 
SORE ORME NL BPS ne i rene as ie ad 102-03 

Penbecs, Coating. fOrmatiON ON CASE ITON ..cc6. cy vs cents evades bd Vas vreees 104 
MARNE TEE ACE ROE: GAC 20S yuo. 5 ois cide « k4 cla g ECU bd Fa Few aw RS 95 
steel and wrought iron, experiments with.................0c0ceceeeeues 102 
AREA Sy Sh ST ST ale tN ER na 101-02 
RUE MMC OM HEEIGE Sri RE hs cee ek lk hcl oe fala EO 106 
sub-aqueous, contrasted with wet and dry exposure..............e0e0ees 95 
CSTV ATOR aS OE ee a ee ee Nes 104 
GAR Ui Sie 8 Spc yin 9 A Re Sao, oan ane sr RCE ote te a Sree 9b=97. 
JORUE SY > SEES ig 8 i A Pee aes A A Ce cs ee ne 106 
SEIDS UG? STARS SG ea ae nL ey Ree OUR Fee Th. 105 
MRLer auEIVEIE MUTE HEU LOL) si <  ocle ep cs Do eee eb old owls Show eee 67 
Si COMMA ERORER EDR TSEOED peete th yc! Pi ietont ds. holy cee ME A Mass ee lt, Mae RD 101-02 
wrought iron and steel, experiments with. .............0 0000 c eee eeueees 102 
SEY SAAR PETS PS ee Sag |g ge Ue i gr eR STR ot 112 

PN TON ni PEI eS I ts ok las oe MB ities oath sae 89 

Coshocton, analyses of Muskingum River...............ecccceeeeccaececens 190 
PRET IES GOL La tInCHE A WAS RANED ee. coc ties Se ea cv ow ok eee es 218 
eR ERE OE Vial PMOMIND ART EEE So tee tee yee cle ecu t § ance Min faiete Sams ees 218 
PRM EPRES ION WAEPTS ML er Rh Ree Ns hele Shiite Rae ONE LOSES SOG 282 

RRs RAT ee POLLEN ret eS Sete oc EMT ee ep ataedciond MERE Stae 149-50 

RR PT eee Se he craters, Ro hisl doo nh a eee Derg an, Mele DLS 127 

Crenothnx cause of depositsin water mains... ..... 0 spree ee enews 89 

emcatiine. AnaWAEE OF SANGUSKY RAVErs 2< os)<c9 21 eed ad cava boar} bil wa ee Sataers 208 

MRD CRSSI A TO CERR ns Ae eile Bee i haul eRe Cee | ASRS 113 

Rae ate se TOME LE PRIGl WAL ELE 20) ios 5 iiida, Geis ca eatin Ne ale Se ee A ae 15 

SRE Id es oo rN RA A eh Note ly fukn, Ha cadaye besten tne 97 

Pe OCP! oor S.A ER eRe eae Sidhe Sie ay SA EE Ee RO 12 

D 

SP avron asV EC OF NelwvAtED RIVED . ott dd ck goa bio dae ude eis Seana "166 
SAIS AEGAOE NEA APE CL Senna OLA 6 Sk oath aie ad Seed ae, whee aces eigen 172 
APM REH OL MVIASIAN HRIWIOE Tg italeie a, 5-0 ete, Se tes ou Ste irene et lela tate Sholay taners 182 
FATES BCE AO Po Be ee Pg me a a OP ris Ara 284 

Decolorization of water (See also Clarification)..............0 cece cece cece 156-59 

MEMPTINCE.TAMaALW SES OL-AUCIAAZESRAVEL« . Fo. 0/55 peso haa fo has Meee thane ep fa ans 162 
eR MY AN ESO RIEL Sree Lies’ sad cis Rie c.5m Fafh a Sok da nlee eevoleieerg ale cnahets 176 

Pe eR RE ECA PT ree oe FF ae IR abel chai aya fo ko ele Sats oe og gel OTs ed pa ghn es 45 
IRCA ECIGE T CROMER oe tobe tly Ne AAs dala do, aba aoe S.A'eg Rue eeeeD stow Pandts 45 

Melawaresanalvscaor Glentaney RAVEN. 5.64 canes teehee es dag enn cee eeee 204 
Pace CSRRERL WT ESA TIAL Oe Mee AN Fite gk g's Giadrd fa oie b didinidie vidal aa 30 Rid aliases 294 

Pci SOREP AN ANVGER/ Of WATETS He deg oes <p es slo cc be cca hilee cle cute cegeetwes 294 

SLR 5 cog he © See OO ne A or ne ea 318, 59,222 

aE ICR (oe Fe es 8, ct ctehayalclie «aye tO ab pars wie wales scusl bears 104, 143 

POP UES A c.g canee, COS Si Gree USER Dn DIE acne nog U7, A822 28,222 

ae MAa Na TNA sg ea A ee Ly 8 yn tea! Ha 5 oh oehe: Sf PUL SPe as, ala, cele dain she saben 14 

RUM EIS MIC In RCNTLAWIAILGTSOIN) acer te fet sie ac fo cee oon eae santa a alee cues s 294 


Sy en Ne eS rials puta et eevee Oeabenseeneny ect 


392 INDUSTRIAL WATER SUPPLIES OF OHIO 


E 
; Page 
Past Liverpool, analyses*ot‘Ohio River so: oes. te ane ae eee ee ee 196 
Gharactercof) Water tins (tre enc sites Samuels Sayeed Sd a Rim lel Sole Once ae Oem ee 294 
Bast Palestine, scharacter of water iM mace os fect niece een ie neces Lees 290. 
Batons character of. water im...) sec ssre valence Alsetiaas se tee oy ate ealctie de lie ts ee eae ened 296 
BeaISeD i asia an coc tals Pa aes ture falighas che Ge EE SLE LOE ee ue aS ee eae 117, 119 
Blectrolytic theory, of corrosions. 0, sis ok eine eel Ac eee ae ee ee 95 
Electromotive force, counter as preventive of corrosion...........+++-++-+0- 113 
121 ry Ch eerie aE See oe aap Oe Oe oe REN I oo AN Gris cca ARS 9 156 
Kivriacanalyses of waters tn sact ti: cabs 2 other he gee ct ee ee ee eee 296 
English degree-of hardness... 4 .ocsactn se bn ian Dew Ona eee eee ae es 45 
Enelishumpertal-gallon. ss. <<.g.4 ales coh tas nike he fae hn eee eee 39 
CONV ersiOn? £aCtOrs!. «) <s.sScipe eee hae oe Oe a Ee eee ene 39 
HPSOMASALST ooae sos w odd pe ie disuse telece Miva hibivie web an DPE a phe OS eee eee 15 
Mquipmentuextha, Lor. Cainwatetes enn yuiceies. cas oo oe ein oe ee eee ates 81 
Equipment: forisoftening..:, . tear oped sie 'osocs ps Soe ee idk LR 134-37 
Equivalents, see Reacting values. 
BeKOTLOf ClOSUEEd:.< a.dsaree sree oe Pe wT REe STL ae eee ee AA 26 
ESya hrOsin€ ANGICATOE.casseee Gate eee ee Toe ee ee eee Spin: 
Drchancersicates «(see .alsosberimneltl te) rmeis o ceere te arta ay eaten a 152-55 
F 
Factors, calculating hypothetical combinations, tables for ............... 83535, 59 
Carbonydioxid esta calcium) carbonates wae). sy ces een aerate eee ee 142 
COMBI Aton sey wei! seth wpsamabedere er aea a eect ane a dar ys ten ee a ea 34 
combination, for calculating hypothetical combinations................., 35 
degree.of hardness, conversion for ..............-. RE EAE ee 45 
Pnelishi ys: Uis--eallonign..cl, mosses ARs ahd ebnk on aHea ee ROS Mele Linen “39 
grains pergallonyto parts per milloniessaies ves +e. eee eee eee 140 
grains per gallon to pounds pera; O0Oseallons aut 5 sess tee a eee ee 140 
grains per gallon to pounds reagent per 1,000 gallons.................... 145 
hypothetical combinations to pounds reagent per 1,000 gallons........... 145 
Mmapnesium torcalcitumpearbonate. om uae eis etree eee ae 142 
parts per-imilliony toverains per gall onieccmy eens eect eee 140 
iyparts per million to’ pounds per 1,000 eallons: 4..+5-..0 ae aro eee 140. 
parts per million to pounds reagent per 1,000 gallons..........1.......4. 145 
tableiof, for calculating sodium) and silica saaeaee ele eae eee 59 
table of, for rapid method of calculating hypothetical combinations....... 35 
Feedswater heaters: 4:02) ans wie con oe a es eee 150-2 
Bindlayanalyses of*Blanchard (Rivenes.dasaoaaae ieee nie nie eee 162 
analyses of watets<in 2. ose. Secon ahck Laat Riel oe RCI ei ee oe 298 
BESGHOD pane os die pine one one ene oie MUS Ue era ee aie eee 85, 92, 94 
FLOOR eS Os. oa ar ck be, Goth wladhahe: Soa clare Me sues Une on Reena eee ee 157 
Hluordess teat. cro ota uibekeety eee ee POE eas ote 10 
Foaming and priming....... 2 Vac aen bbe hark anal io Maanishos atlas vette au CNT es 114-22 
air bubbles entrainment Of... ee ee eee ee 119 
air, use_of to produce foams. | Gu: eee ae eee 120 
analysis, interpreting for':......\, (ics dau cht eee cae ee ee ee ee ROY, 
castor oil.astpreventive. oo) ooh aua ee: Okan oon en eee 121 
Cattses OF yi ais Med eee erase gis haw cyet erst renee ee eet 115-17 
coeftcient, Stablet’s., .. 2). ie sa. tienc sui dae ea en ee 69 


“concentration of dissolved Malts,.. 4.2...) eu eee «Deets ee ax ee 120 


INDEX 893 
Foaming and priming—Concluded. Page 
POMeADRTeRInn Or material Tit SUTLACE. ... 66. acct csc on wctncecstecuncies. 118 
PeEPnira VIA OF OONC MATEO. 62... ck sia esis ccc ch dGe sus cevudacevccsut 120 
SOT HR a er 118 
RST SEONG ORERINS CE. icik slave <a Chi din vdeo she cn Rac yv chk eee eee 114, 115 
MeRUa MEME DOMENMPEID TION LOT, cic is seis.) « ais lv. dy od a benisers ce ceva ea vdalewey 115 
TANS ASTER AAS SLI Spee So Sieh I ae eae a 120 
ERMC Rao tl DUMPS eM oavc\incis ¢ Ck Doak duels dua glne eke rs 
WSSU, EDS NET LAG, SU oh 3 0 Eee Ge a Oe a a 118 
PS BGrAEOTWIGZNEMMERES OD 4.62 56 oyrscs ie aides See eae Mooed a paw hekewla 119-121 
UEUMIAS RAGS SSR, i Pin Oi at a RE a 121 
Tne MoM ve DOME. FIPEMMENT ety oe cs Cle s oe aces cs eceme duc vuens 117 
Peat MER MRO YE fees st. Rip Oh aioew ha cok hs whe ene Ce me 114 
RRO Ct RaUAMTEOET OL. che Sig tS apsle diese oh cliente eee ee Lee ys 
BESRGRE EtOLe OL ENOWIEGRE Ofo. fo 5.5 ced oc cite bene The ed ee ieee 114 
PSE RIS MMIIOTELOE SR re ree Ceci Seg cat ais Ss Seve dcens sine ce 120 
CONCERN TSS) APSE Thy ee 1p wo Senge Re Bee 115 
PBR TEX U8 OR SA a 121-22 
sodium salts, relation to....... Sei kaise ea | ee ee RIE it nee Art 116 
SE ORACLE BARS SS fn ES ale ae ap rece er ae tO ae ee rs 119 
rae PI TREMP ERELEIOIRE CR CAE oe Shea ga Tn, eA ees aha aod RPA ct eect oo ed SE eS cee 120 
CRE RTS AGI OMT TOT ee AC ee one Aik etn RR Sent) ir AA 116 
Sil nc teste) fs GE SOT Oleg. lata sg Rea 5 a Seam eS Berg a Pea ee SOR Uc rd 118 
A Pe PPS SSPE EST Aragh PR Get PS Ne Ra Boe te eC Cane ie Pt A oe 116 
SN PELE SRE TTSTA YA Ul yhs SoQRet Pe Be ae Ase eo ae a ee 118, 120 
(SS TESTE MR CEE Es = Be Bath Sa ae oie AS Ahn coer dn pee erg | ae oe Og 118 
Hewat analyses of Maumes: River... ¢.2 76 oc. vee ne Cab oheda wed Seas 176 
ADALISE SRO PSE PS OUR LID os gear NMR Bs eo AE ee ee SEP ar 206 
nO OIRVESE Sie Ae PENS SCT oe a oe ee en a oe dsb 206 
Deena aa ERes OLN ATCTS IN Sink te fees Sana eee oie es ek ks a Pa 300 
A WAR edict oR eon GRO oe 5 ep See eae ren irs eer Pet ee ae Me Sow Oba ee 
Peptinte AVA VROS OF MANANSKI RIVEL: om p suis egies. sisi bo a sakes Caen seeing 210 
UE CR MANE LED EMI Ex Pre. cel eictrrst ihe eka Ge ears ane ereas bore stone 302 
Laue 8 ee eee pd Pico ONIN San HN os ey tee hh aM 7 be 89 
Spe MME CRE PIGEDATAINCRS) 0 dois aie 15 Ao eee e chien ae hh tae 45 
eee RR TE AN ie Oe Eide, oie Brey ie a Lika, aeia aves aie ro eun & 97, 101, 102, 105, 106 
een see a re eM Lh ERO AR PN cPecteeirn svat os Lerma oto Zee 
G 
icahemnmanalvccs Or Olemtangy RIVED ss oon evince ta ene nh chad colo ae gemy Hea 204 
Sea erOMere ACE ME NCES, a iy tiger ct nik: oF cf Pian SF eoSek ages sean dorsial ely 304 
emma eben OP OING Bier. co loys ct com aka ene event ey warms 202 
Mate Mapelg aetieta I SINPOLT WATE UNCAT: cin sips se Frsiegting vies cit Soho as eid y ip pine te 304 
ee esr as ee da) Oueltin.s ela jeradigueva-c byay, wie a,ebs« 6 ale 153 
eet Wea aac ee PT NA aa vag eta MET Oe Siew Meshes oa os ob g yialenslieny 9 0 113 
Smad @all Sevier CN ee ae Ae Othe ee Beat ointment oles ae orci 7 
lParam eCReCACIMHAGOMCSEe tuts ie «since ae swat eae gale tnt pin wed rete hae 45 
Beeied Pat Ves OF Mahoning RIVET)... 2.5 eect te seer v enna dee enesn 174 
BR AG, GLP WENREIS I ens oad eS aed Ue ORES ene oe Ieee ose ary c 306 
Girls’ Industrial Home, analyses of Scioto River.............scceeee cree eens 212 
Gooch crucible, use of in calcium determination. ...........2 0c eee eee eee nee 48 
Glee. © oo on ate re gle 5 6 SS pi 0 icin EO 128 


394 INDUSTRIAL WATER SUPPLIES OF OHIO 


Page 
Grains per gal. factors tonsa: «ec ren cot ten yonae eel teks eactetet ear kote tae 39, 140, 145 
Graphical methods of representing water analysis.......--.--..+.0ssseeerees 26 
Graphite and silica coating, hy pothestsiot yy. seeiet steele tee eee 104 
Greenville; analyses) of Greenyille: Creek= 27 sa ee ee 166 
GreenvyillesGreek,:amalys@sw. y.cs 5-5 cern ceria okt Shree atte eee eee tea ena eae aa 166 
(CO Tcd | Reet nD SE re RO eee awe ey ke RO ERR VE EA O & dearer s Oud 129, 144, 151 
Ground waters:of Ol ioc) sa ctsee bas xhe och secre eo ores eNO cake Ra eae 224-385 
Accuracy, Okianaly SCSa sys a.is cet leis te cleliste taets Nee ee es ee eee D228 
_alkaline carbonates, how suggested in analysis..........-..--+2.+-+00-:: 223 
Garhonate, hatdnessucOnrected ames a ctate ners pete eal reel eens ae ae 223 
Fed Niece) (0) ay OM Eee hE a MeL cnr Een oy LA dig Sob 222 
deschiptive matters howobtatned ier ser eles ari etriietienneeasn re te enate 222 
eoloeicall untOnmeatiOny SOULCeES a ey ie ate eleresset everett een 222 
(Cn gxSUNI ee wees Seno At on ei te aN A emo mas coor ats Gotge oom soe 9 
H 
Halen are tes Soa nie Mae, kee EA. AS oma cence ti tcarat con eee cea ee Ea ae ai | 
Lie ck aie eg Pac eee at eee ree eae rie OES Sela acs Sz, & 85, 87,92, 935.94 
Fam) comeanaly.sesrof (Miami Riven: sclera acters ee ee renee ee 184 
ANALY SESTOH WaCeL Ney es ate as -ebsasye ebetecuv eve eae tne cee a ee eae 306 
1B pos Ai oee ROA ee ae ae A ER ieee EME ES itt oly ¢ BY 102 
Dar dime sig. potas te eects cu cetis ancy oud s erate ee PARE Se nel ile ee 43-53, 77-78 
Alkalinity, use.of term tor temporakyamardnessece. qe ces eee eee 78 
bicarbonate, scontusinis: al kabunity,wathiac aetsranee ete) see amen eee naan eens ee 44 
Billetin, this, methods used. tvasis4 ty cee ec rcaeen ee ene ee ten a 45 
calculationvot results tyipicalnsce acces 5 ence een See ee 46-47 
carbonate and non-carbonate, distinguishing between.................... 44 
CANOE, COUT Ola wo bon duaddnenuebece sus baae ane NI. Me A On 43, 78 
CATLDON ATE MGSTEL MIN ATION Of, reskin) horse ee deen ee ker nt ne eee eae 51 
CANS Conde ot here alk: Pia Ma. anhsiet s wo ave Gis aobue inp cloe dD SITE > eu ake ee eee Tes 
definitions" Os osc. vs de Vespers s cel eas san SPU Tae ee 78 
Ge TEES OF aah, fa cute ols eae Guersusitc a Ser Oe ea te Ene CR gsi et ane 45 
SLAVIMCELLG Methods LOG, sec tens. Sess east eee eee ee ee 43 
incrustants, use Of term for permanent hardness... s--y ose se oe eee eee 78 
FRO NAS VA MON NUT HE COMICHIO) ilasisen tol aoduoe dua @onuevouadouacadwanc ie See As 
PETMANENtCONSISS Of, o.05a ale eeu ayes eee eee he eee oe ee Soweto Mp oie SAE 
problemiintdetenmininigs occ tcics . eee eee ee ee ee 43 
removal of, softening........--..+ oh Dae tn eee eee Sed eS 123 
soap method OES 5 ai. cx </s, <tenet 390 =, nee neers, eee aes a ene 44 
Sodacreagent: fom: nccocs wut Gl atta Avo ee erent ee eee eee 48 
soda reagentemethod! ss. eke akan noe Beene Ue ae eee eee 44 
statement? of Gesu toss sae. essays ed emeree cede Rene Reuter one 45 
substanices. causing list’ of .3 0 -ce tees erie aie a eee Wf 
temporary, consists of... 235 cle ee en 43, 77 
temporary, edeterminattom, of seestee yas eek ee nena ee nee ne 51 
total, consists:of:.\) o.,.rsha0 ga eee ee See ee 43 
total, determination (1) by calculating from separate results of calcium 
amd ‘miagrnesyer ty. 24 ids ghaciie scee hey rate Nee oR Cee 45 
(2): «by: ‘soda Ureagen'ts . 51.4 <aetea sccice cl clones Renna te eee 48-51 
ultimate measuring unit... on.e2 oo ae oe eee ee 46 


INDEX 395 

Page 

Se, POMS pcg Ege i ee a rr a rn 21 
I a Bae eT a shiv 4s os silva» Velalv as ss ile nis Whats SOL OM 
bee en nD ee a ee 150-52 
Ts UIGIE SUPERS RSS SS So gn ce Se 150-52 
bestimewater, chemical changes dU6 tO... a6. oslo heed cc eolnese cee coves. 151-52 
ene ate eB er ree A ee, 8 oy a lou ho wue esi’ 165 
TELE Sa ae pl Bi, ol ale a ec ee ti 131 
TEED Ra ahh 8 a apc ye ag, Cp elec RS ee An OA 121 
ICT) et a eel ec 9 9Uk ER a eae ole A 8, 82,129, 131, 154; 157 
COORUINS SN 1 be ORE Cage Aig Lee ie eee koe 78-84 
PEACE EEE INTE OM on Sats otk oh cot hs cn a he aa a ey ewe 79 
PE AC URGE So Re Ge eT Uns ae face eo aE oe Oe Pad 78 
SERS oo ivte, CER AAIES BTN 5 IR REA AEA Oe SRE a OR oa a Cer ee 79 
ERRERIOMOE PINtInG WE IDESS owes. ido ute Trike ica crhe we oe de ome 79 
WASS GE SAE AES pr hae We TG rn) 2) pen 82 
PRMGOSMIRECLAISER "WIEN SORT 6606p ok a Wie swrtya eon heeaee SA Boe OR oe a 80 
PLMcCaONN OT Rare Watery . yee eek de kkk ofr oma: 78 
EES SOT Ay Fc ES ee ig i a Se a PAE ENT ME REA Sey aye Pe eRe. whe 1h 
men eee aera RTE SUNT EBay eal ki es. ad, ALRITE Mal ae al Aas ttle 79 
USSINE SE LOA CSS So a es re cee wee ee 83 
odors..... =p Cee Ses 5 ae Anne Ape eel pin ee 79 
Pee AGT SOLLened waternien ic on ge oe ey OL eet ees Pete ee 83 
Precipitates formar on standings. softs ess scot ats ad See oe o ee ee 78 

ABUSE elo ad Cae 5 Oe ee eee eis on os BAe VN eee ae AN SOE VS) 
Rae coBsSMMprDReD! by) Watd “water shen. une ie asthe od tok eta 80 

Sey EYES TSE THELTLE BYS OT Pa Cg in EL oan Ne eh RD rege RR rE) Ba ae 153 
seppiyine soit water for isolated home. i420. c00%.2 . oul a dae DMs ee 84 
Crem Ey eaTIOIRS (ONSSTAUGING. 2 5 5.058 ow see eee es ache re 78 

CE TET POA (ST a I na a aed Re rr at 66 
MEOMEPPER STEIN STE SOLCED IIE! Ow Minch oc tos cls ae he Blo hod sores ene cee . 84, 153 
eMNLELeH WagIeU MS. PMT MIME SE iain ie Tcl Se heute Che Gnd sie a eee LE, 140 
Pimercren ion -coucentiation, coagulation angio.) 20. b. cs Sel eeod vie os 157-59 
SSA UN EL oy ORE a gt RN RO OPER ta ie aR oN a a an ye LOS O4 
OCT SWE De TEV S12) Won er ge en Bm ne a ae a 100 
TSE VON SECON RR ie Le a APR PSE i eB 103 
PIR LOUeN EROSIVE THEOTY Ol COLFOBION 5 0.505% soak te nat endl Sage sue ohh date tones 96 
em QeuErEECTPESTULEG CR STEEN Ti) et EI tice Shae skeletons toe Hala pee ile he pote Soe ee 12 
COCKOSION. CANSEG Dim hale bob a lbin haces eee AE PC aw eine a eee inet aes 9. \ 107 

Calpe BET SACS va PS Sg a Ws Be BR a ate 78, 79 

PEM OUNGLTCAL COMIDIMATIONSs cab) os 6 ako ee od ol fee om Fe he cued eee 16-22, 26, 28-37 
BeNAOTIGlya Cr SHOWA DMC EY Le file cholic bo wlibdied alae aye aoe ee aloes 20 
BercadonCnemistry, method of calculating... 0... 0.2.0. os avn ewe ate els 31 

ces ce Dae |S eee a OS aoe a eer or ere ee 28-37 
POSE ln ep A pe OL Sg Ph et Ca SS aR 18 
eT CHES ME CANO SULODGN Mie outst a Peo cae: oie Weel ale yond 6, sheet age 4 short atiraifoueltye #3 19-20 
examples of calculating same analysis in different ways................ AS 2} 
ciel Orman peal Gal CU Vath wc tale cin isustt wise lac se ele'o pists Hoes Ee, alas duelea 36 
Caeuens tee Ge lle i uiia gs Ue ae se eile Ste maranatha een RCS PRT 
crime POG CLRGA CUla tine renin feta esha tin wlcle sie tly vietet secon ves 31 
Meme CLOCR OCA ICU ACIT Ree meee ss Minclas oY mac's cies swe Sun ip ve eel eet 31 
MimoisnwWaten ourvey,imethod of calculating’... 00.52.0008 .020.ee nes 29 
AiNa DROIT Gy, DRI, 2a Ree Oke eUnee Id ke BOO Or ticiba hot CIC ene ea aan eee ane 28 


Pane Ma MEREOU RR OLN ene ear rote ial cs ialn od aietln. als ce Nelaneiie a loua cress sue hid Se 16 


396 INDUSTRIAL WATER SUPPLIES OF OHIO 


Hypothetical combinations—Concluded. Page 
Obyections tOewi kere eat very lladia oun? oui belo late ie ace rh sr a ee ae a 16-19 
oldumethods nowrbeine dropped)... cic vn sina pitas diel) tine ee eee 16 
rapid: method for calewlating.. 3.1.0 sn bae emis tn: ir aude ye ei pete ene 33-37 
SOfteninpacal culations tro ma.) yee ore eee ts ee tee fee ea ca 144-46 

Hy drolysiscof Saltssacorrosionan d,s fa seye teeter ents tsyeh canescens 106 
Tidenestuim'chiloridie’ ss ae whan cay eer ce ieee” ere pecta Laveen) ee aeaaraeeme eet era 106 

Hydroxides, determination of in presence of carbonates............--.+++00+- 53 
all oy ee a ia ie Ce ne Mn Sis ka 'sin a So 0 310 2 52 

I 

Mlinotsestate Water SuUrveyi.. t..ocra suse. tateent ena ct Gee ayant cne tes aie foe on eee eee Teese oa 

LMP MULtlesu wWALEE sherds oe ita, ane tar ae sel htea Aie  , e e 9-12 
LTS OES cats nswaher nd weM Ne Ra SRA curio ear dicho ava. on be ey sles oP a te ae 9-12 
ORIG LOUS ahs re eee PT TT RE Sern Ok LS eG adie oo 9-12 
Telation! Of to TOCKS#amd xGOIliy |), gaeba shecie oper Nee ne ate ) 

Incnustantsnon-carbonate hardness, same asi em in Pepa aan ere neem 78 

Inara nel has, OM cement ome oe uote odd ac edo ol eens 82 thd dee eee 14 
Pelatonatosmedicinalsanalysis\- ori Neti estene) 4 jens ser ayes ice ete ee ee 14 
SUUPStAN CES MUCHUGOCUN. 2 Lays ong, disc ci ple msg aoBeetla clentee. cesacr'la let peeve] eee 15 

Uncen muiccentasO CEN OLS oa eke be Cea nh 7 ee bere seen ae ee ey d atthd eee tees 135 

Internal treatment of bOllerswatens ne. mea- ace ce iay rote at rarer nee eee 89-94 

Internal treatment of boiler water, boiler compounds..................-...-- 89-92 
composition ot -boiler-compounds= janeiro ae ee ee ae el eee 89 
FCOMadleonine ballemiwatersmitallash seers eeehe ies crea ciate) ener aenenar 92-94 
costiot botlermcompounds ss: sch. cok. Siento ea cee sce ee 91 
Cirmiberland jprocesss ta. sions cere cakes oe ke ik toe Ee ee ree eee £13 
efkects possible-withy boiler compoundsSs ss: au. sya. eae ee eee 90 
electricalamet hod: tte. c tes carstanie o easitteeeees lacie tle 7 eer eee ee 113 
Hallisiconditionine-process 6: sci rce oie ec oc ein cee 92-94 
Illinois Water Survey, experiments with boiler compounds............... 91 
PTEJUGICS AGAINSE se cih sc cals cosy Re cece ea ibe re RNG Lane ce Te 89 
DUEDOSE Of mah onnsa fied SEMAN eae cl ee eee ORL tne eccrine Se eee 89 
softeningavs internal treatment season. coe ee eee 91 
ZING asupTeviently cuOf COLLOSIONNY ise Leet elicitin. ecient 112 

Interpretation of industrial analysis. (See also Stabler’s equations)........... 66-76 
COLEOSIONN stg Seots lens este Ne lee hesans tea te ie Ic Dena cleo Bere ee 67 
FOAMING Hoekere eter ao eee Wolseley shdinietyee els Oo a hice eae eee ae 67 
general principles..... Des ABN scgigs. olele des st’, 4.5 See eee 66 
houselvold!ws e330) 3 cers '.cha tenes PO ato Oa Senseo e's Ae ee ee 66 
latindrressicommerciall\snioanervae wk ee elses co «on ae ea 67 
PLMINE eck cone Soa Ce eer: el ist a 0 ae 67 
scale‘and sludge’ s\..c oasis eas oct ee ee ah os os OR See 67 
Stablerisimethod) si(Scemstableris equations) mite). ao cet rat 68-76 

TAMER OMW CEEOL 5 5 fac Sen te dy ence ue soc eRe ORS eR oer ee oa 7 

MOMTAES,.5'se Sais Shahar eiallatek we tehoosaer step ote UMN a oer TG TRUSS ICR okt | 2 10, 15 

lonie-form’ of statements... 0.4... Shee eo ee Ee ee 20 
comparison of mumertcallyaluesas: seme een em trend cite: oii eee 23 
equivalents used withis.con..-see ¢ atten nat tenho ae ene 24-25 
examples: OL 2.5 1. sdlane Web sete areitaer eNO Rh eh has Sh Se UZ Loe 
interpreting, ditheulty, Of. 6%. = ca: eh ped ae ee 22 
meanineof. so ose ae RE i AC Se Ee ee 20-21 


\ 
INDEX 397 
Page 
sons products Of dissociation Of salts........... ccs. cs ccc cveccccceductceess 20 
Tron, determination. of.................. Sa ae Oe Ra Fee 53 
MMIEPORMMIMUINAE BMG), 6 Soy css «cc lusvda cam cnavabsvh ounu cde Sis 12 
Tae ee § OS Ae ae ea ORO RRS Oy Sea 79 
MEM AGHEAD OR OMACHIODUTLC: «talc hs cso ous s hoes vafcdss theese’. 11 
ap IN RMRIIERN, Cea. ns ile vcayn ove oc. 159 
ONES AS fe A ee ane eee a Si era ee an AE 12 
CEERI BUN A Soo THAL CE ha) a A 2 A a a Be 159 
SPEER So at 18). TAS Sn a Oe em Ol 111 
Sie et aera el PONT atten IT et ahd cigs i a Pei eee 53 
RSP DSN Me Be en tn i eee es SR ace CARER ee eed 78° 
RAIDED ANBEY ECS OP CORIO TV EE ce onesie oon Slow fete Rens Be hs en tae Gs 196 
- | 
ORG ee APURGOL SAT ERR TTD. seyen. ic Syn orice « CRS aha hnebuk he hoe 310 
EBSD LEDS SR aie sites Saban eg ew Se ec POs MR Re rac a 6315s ls 
RM ECR MEMES eg Ae ere at Toh MS cl. Webel cabs of Rica ite aes 75, 124, 143 
Ir teers, Sok Sate oe aks Oe or Shag 8 SRL ee 104 
K 
UNE 9? Bp g 5 aes ene oe Ske gO ali AE OE oA oP 105, 109 
Peat ORIOHAIVECE OL SCIOCO IVS noi Sh ots Sao aici Oke ont ine Gases esha eee dicks eae 210 
peat OE EUIS OE IMCAN ET FEIN frre Soe ES, Set ats Seta Pah ected Rio ave oO 310 
MEE PEE. ety ie As OR a Ce yarn aN a A 111 
Pre ae er R Ae UMaUN BESS Seve AeA ore he ch. 5S is ne a EOS oleos ww hea oe 168 
Me UManee MANES OMe ees TE oe No have dilin Gireinc a ate ne eaGe late Hi Scouetine aA 1022 110,01 
Loge 2 IN SOCAL Ee 22), la a a ny a SN eNO MIE 168 
CEI Spree oe RENAL Re Sie oe Ie ero Sie ae Non BES) 
i 
Le: Fe By TIS DI ye ea ee en a ae ee A eee PR wear eer 164 
Brie ra rer atONURIG-OF SVATELD- AUG no) iess os 1h as Sw Mad Wole tui mrad 2 euera eee Oke ne Leow 
ansias, Mich, palatabilityoot softened water ati... 0s 00.5 02 osc esc kee ate 83 
Bath expanded steel, as OXY PEN TEMOVET. 2.0. .0. 5 25a ee le pe es oe ee web eh Seeks 111 
eee WILE GL OL WANG Sons ot, cls bs ieee ah vie eG EN ae dee io ut wha onan 67 
erat em Hee eat ALN GES Y yA lene hens ein 4. ¢ cece TS eco A wine kul BE Tea Me oS 170 
emer ncRLOr ECA Wanin ely fc Arle Sms Stole ed cwliteia 4's ee Vee ee eess 206 
PRE SEREOTEM ACER Maat cite eins oe Pk ks ae, ger bdo at ei has ska eee ree 314 
Ramee mM TITACED, IMM. con aco fds cleh bee Bea eg sd ald tersinye pie eed 140 
Coilatn ima OnaSOLPeENIND ee. he Moa c esc ie sin 5 ee Ge mde. w ier n ees 140-42, 144-46 
calculation of from hypothetical combinations.......... 06.00.0200 000 eee 144-46 
experimental determination of for softening............... 0.0.00 ee eevee 143-44 
Eu tecasete way, Soa Lia tahoe eM Nn Cha Pcie den) rena ote wiles eavayacteye Satan, hal 140 
Pn ee en eee eR Ar Fa al agls ag acid heat eee els wurce nies Seah dah 141 
BEqMIneGtentmoMmsortenIn alles ca Parle ade ete ea celie bans 74, 138-39, 140-42 
i erecta atlon tO IN SOLUENING a ,2s6 te alec 7a 4 vn vie Pets wre ve slimes 74 
lbciness dnp EM CeSOd OF SOHLEMIN Eo seins Aes reese yee ule ihiels aap need ete eek POSS 123-50 


TC eet eLeAPeMtTOr MAP INCSIUAI: Gil... ed. ceis ers cv vena estas see ea ON 46 


398 INDUSTRIAL WATER SUPPLIES OF OHIO 


Page 
eind'erenbennntte act Height dys Ane eit B eicsucws ey aiayd Oo GoIERARRE. BILE I eR eas ee a 126 
Minveoo.ds analyses of Little Vina nats btv. creer ne acres sce en iene etn eee 186 
VEGa shit aes ead ante at ar ee ERD OW Ce TEN Co Se oon 5 odie So dn 10, 15 
bitetlewMiame River, analyses eers a.) cic: cle ecntet-s0me cael ein e ena nrereeeeea 186 
Ee Pork anally ses oie 8 8.518 citar oath eee celery cue: tcl cies a ea 188 
Littles cioto River, analyses. 6 csca6 5 ccs ee oc bee as = eae Om cee 214 
ocan. analyses ofswaltersiima america cesta ee dt f-gt cs. 51d ae eee ee eer 318 
| 0) phe er in an oh, ee ere Pee PERM or od ohana o 2 a4 133 
orains -amalyises:OfwalterSetMincs eo mete scott a ca a eee ees 320 
od ee en Feb ae SR, PS ST an eR 2 143 
lroveland anal wsesvoti Little Wivamishiv ere. are ee eae ene re eee ee 186 
Ioumees Bente ee ek ad oh ed ia i edo Male oe peepee Reap aaNet ee a ae a aaa 38 
VOTE eee ree en a ey Gane Sieet oake als cthte Gta ae ene A ne ae 100 
M 
Mie Connelsvallesanalyses.oflV usikine umn IRity et. sence a) sites sek eee 192 
IN Wel D Soca cee hee eee A ee eR RARE CR Ss fe AG REN A Pee 5 ico 112 
Jad bet boa ISSN eae pl ASS a ent NI ce 2 a a NE 8 Gg tocol om 170 
Mamnestuim bicarbonatels.e acs o.cilein 2s occa Smee ore sore 9 
Carbonate not pLrect pita ted onphea tinone. nem meee ie). ose en ea 152 
chiloridescamseroblcorrosion src 42 ncn eaete Rene ie eee ee 106 
GEteKMIMA HONEA. Ack eins kee Ne, «Se? tino eRe eg. ches eR 45-47 
hardnessesminimumsareauictlomines 0) ck eeenatee ee «Sct 127 
hin,droxidesoluibilntyaGlys sera ots tae et cee nee a es ae 127, 128 
SULT Eat Os sSratesc cme icra de Tele ac a eae la oc 15 
alnomin os iv eragan al viSisees ap. ct 4 entrar cite Ok yon em ee ne 174, 176 
Mahoningakiver, spectal: Case: tice. «0 sae ee 3 5 ee ee 160 
Nianie ares Gr netten fee rae eit PE Ae ken ay eed co! es 10 
GED OSE IO Atle Ser R TE 5 athe oars ost: SA ee ea one ois) Pages ee a 89 
penmucitestor-removall ties s(n 24-4 cs weeds ce SR Se ee ee 159 
nem Oval Gtetromiwacers whaccckele ot cones cats eae a ee os 159 
Mansfield-analyses of Rocky Fork of Mohican Riversas:.........2. 4.0eeeee 190 
AMADVSESHO fi VVACONS TN bos ahha Lach cakes choles eRe, ro 320 
Mantetta, analy sesy oti Viwsicimie urn Rive Tic is selene ene 192 
analysésvof Ohio Riviere tie es.o8 2 oan) eee, 198 
Martonsanaluses-of Ut tlensctotou Rivers: a eel cee tee meaner ne on nee 214 
analysesofwaters Uns) 24 oars as vs. ces on = ee ee 322 
Warten ae iets Ae Acasa ore ae tute on er tone uta cae ee 92 
Martinseiernveramcaliises: of: Ohiromhiiery sires c ceens tester aennnnar ney en 194 
analyses sof waitersime, agus santa eed-s oho Ce ee. ee eee 326 
Marysvillovamalysesvofswatets:meat oa cer) iene, ae eee aan anne 328 
Massillen,-analysesiot- IuiscarawaseRivererci iis se aan ee 216 
analyses Of waters tunics. ao wcctihs aketcuyeiutos bite nee ee ee a a 328 
Maumee: River; analy sesis:cc.c8 ocak eNteone AiO eRe ee eee 176 
IM ay. Oi ics bid sist ja ww tea cat eee vs OM eee en epg et a 128 
Medicinal analysis, see Industrial analysis. 
Medina} -analysescof avatens sim + besnies men ien seamen ater 330 
Methods of analysistused inthis Bulletini me secsee i. see ene ene 38-65 
accuracy Off. oat ee ce sees wt Geen ee ae 223 
choice of, reasons for. . Fer ree ee MA Rr 38 


physical examination 


INDEX 


Methods of analysis used in this Bulletin—Concluded. 
EO Me Sung. 4 incre isin hie hdd aad bala sav alesna hens 
style of writing, reasons for 
Methyl orange indicator 
MEME MEINE GO TAT Tra USERS Ur REE ph de Cau s distal ha sw Viesba aps satire clon 
EERE AU aE A TY RIESE GT se Set co s\n se gcse ek 4 Wore ae ns wclomtermelen Pree 
PeeeereeNita niente a ODP GANIRTY SES ices osc hinds © as laid vive Wa ati wie ws wanton ds 
Middletown, analyses of Miami River 
Milligram equivalent 
Mineral analysis 
YTS VENER. SSP PRLS GULLS Ate De poe ey ee a rae aT Be 
Mingo Junction, analyses of Ohio River 
Miscellaneous reagents for softening 
eas chririn ter ean alysis Ol Water pric. cee Me Sos ois, oe he a a neeceed ah nee 
Mohican River (Black Fork), analyses 
Rocky Fork, analyses 


Eee Mer Pen aT aACteIe on Water IN. sos Swisisk wis lok cw iS cn ag deo ee eww ee Gans 
Pea Vermonvanalyses On KGkOsine RIVET 5.005.056 fe oooh ie bbe gue aes Slaeth nels elec 

OOEUS SENT POE ROT eee eit SR usin Smt iy SE ONEE ananee = Sar aa Arie Berea oy eee a As 
Dense BURT WONG USES coil oak isles s, ean Hie by daceval 4 Shae eet als Eee 


PAP ReT GAnaNces OF NIaMInee, RAVER. oo. fdas + oan. + Sl dpe deena cid tees 
Rportee sam OlUReaOte LickdiMme® ARUVET 208 fl. oie aie tes «Pereyra y Sale ee eyeiae 3 
RG UATE TINS MEG tee. A ON Oe A. ck iw ate ie) eS Mal Plenty ees 
Mew Pivadelphia-analyses of luscarawas Rivets... ....... cei ese e eee ee ce ee 
PUNTILYST A CHAT PS TA Th ge Are I A ee a ceca ine Brees oie 
New Richmond, analyses of Ohio River...............000. eevee cece ceneeee 
Rieneesnalvecs ot WianOnines RIVET, «aes ace e.d « Aoi suse uggh eae Dine Se oh om eee 
eMaAR Rees ORV ANCE SHIN Rtn ag Nees Al Paes So ia oe wag ue UP ore ota ee ees 
Ramee erPne eet ANIA SER nS fee Se PS ai code hes... Wiad dare ws Ae tye ers ee as 
USES Pe IG pos Tie Sp a I ee ne on a nee rt 
Bie OPAC teNmmin atiOieres Fee rt aie « AyL ite caus eae AW chad SG aerate boo ees BEE 
Pairs eAGRSMIAN EY A CCRC aoe eh eats Noe ays Wa lel, «| orn a nsaavethescotesey a we aheMentge 


Meu -capouate-nardness, GENNITION Olu sac as neo d setae vive ole weyers edie cea etn ale 
EERE ATOMIC EN oe ees on et NE, Od Sh rats o nuaim elgtpaulnte’ anacersun Syste 
EMCUANM ES aT ER OCAMAB TIN Nant cai tA a oct hols ccaalii vias Soc! cs, olelmobBerar tale 

Nicaea 2. (Clear Ret rev “eh An eh de © 80 1ey cht, Oko SCRA RA Ie Cs Sa a ic arr Ce 


(Obie, Respw: ainaillige egy oe es ed Sie en ee Cn Rae 
Pileccipteal tuivepen] Lis) Sle acer cy -loROi ee CRON OIE Se nD CR en a 
SENS Te Cee CSE eM eRe cll EY a ere w coede\ral'e Ghar ele Gon iswi ene isin Gis ausanit 

Cleese iinvGi, Zrmlhyetie y Bes 06 5 Sein te cree tei Dice o Cia cena niin 

RO rete eer ecm et PED RE EOE fee tlseraiegeresc mes ovo sours Gino sialea wee wlaiel 


400 INDUSTRIAL WATER SUPPLIES OF OHIO 


Organic matter, coagulation and)... eaaneacsme es eee 
coatings of, protection against corrosion..... VPM Ac ROR ee ites 
fOamlineyandlprimimesncallse Olea te estel enna settee eer ar 
lea SUETEMVEM TOL nancat cine cae Lee Ie ae eR Re acre tor ne 
OMIM ENE NOY NNN CUCM Oia ocei ance feopebooneaeMow .oubY 

Onland analyses of-waterinewn ase nectar nine eae eee ee eat eee 


OftavaelRivercanalysesy ws sur mers ana Reneaert he aspect neue et eae 
Oxyieensconcentrationrotdanawaterse sehen etree a-n mnteyaeis meme 
TATE Of COLLOSIONMMEterins 10t ws tie aan, meters ena ta eo eee 
MEMOVale: method Seam Merc c ccentere a skey Acetone: Mewes eens tee are 
Solubiityainesalty sOLUELONS ecclesia he eicreca one er ae 


Dainesvillesanalysestote wakes lentes erase on tii nie eal coi nee seen 


analyses of waters in 
Palatability of softened water 
Palmer 


Paulding, character of water in 
Penetration in corrosion, rate 
Peoria, analysis of water near 
Permanent hardness, definition of 

determination of 


pH. (See Hydrogen ion concentration) 
Phenolphthalein indicator, a use of 
Phenolsulfuric acid reagent 
Phosphates 


Cee) eile) eile he ele. soul lellel ole hs >) ee) «19 16 leis) 8i.a)h0) 0 .e eile) ee (ele! ole) ee lm, Sie *e) sole aisietelis, 


Faas areas 108 


slsgierene DQ 29AZ6 


38, 126, 127, 129 


Pes cape renee 342 


raster tne 155 


kere eee $9 


Mey ree ae 107 


INDEX 401 
Page 
Potassium permanganate, standard solution...........0scccccecuuvsveucsens 47,48 
PIED Bag O 8 ote in RRS he rr LW 
DPIC SSNSTIS CT ata SNS) 0 ee eda a 131 
Priming. See Foaming and Priming. 
Purmneawon of water, (See also Softening)... 06.6.6... 6. s se aaestyaneeven 123-59 
R 
Rate of corrosion, methods of expressing. «6 .c. cee vs cate cvs sled ecinse te 107-09 
Tess SS oe Sy RR it SS ee et a eG a 116 
Reacting values; accuracy of analysis tested by........5...00..00ececeseeees 25 
PRE URT NN Oa eso im etc Salen ree kes iy ote heed NO ade 24, 25 
(CAN SITI NIU, 96 SACRO SG Ry eA a RE ne ee Aion, med ae me ete 24 
SRN SEER TRARY] eh CANN DUDE TTR cee sivas wow wha ein daens Bsns SR ee 33-37 
Reacron cocticient., Calculation Of; oo. < cho sw Sesine 0 5k os ni deh iee ehadis ale le 24 
NRG RN AN ES rae nO RN se ce Mae EO he nat Ae ah cree ek 24 
eR eke sor aL ACNE eres BT one Bare ech 24 
Boe Or eee asd Otablers EQUATONS) wf. occ ae des sus Sie endl e weer 24 
Sine ge eM He AE PE SiR Pt ROk eae Foes social ence MB ae Soe 129, 151 
arama PSINGOE (OIMO)L RIVETS 3 © 5 jst nae cies odes each escldniaitts Aaretses ete ee 204 
UNESS SUL, WORN ae 9 SSS ey de Ace Te ee ee 100, 103, 107, 110 
S 
Rare pe ENE: EER ATID VISES gen 8c a yahor dn ne’ meee une a Melenen sta eee 206 
SRO EYES EERO Cie] ig 5 Wn ec ee a a eR 206 
SUE A | ice ae Ce See SM 08 ede 2 oe tn es eR Oe LAP et? Onn SME Cake Beet 8 104 
omer me arenERCEIOT ATers ale fe. & balers Gish) Seto tine ne seein aban Oe eae 346 
SURTE STP tig 5/82 bok ceo he tage ae a a ee Ane Re PrP tT 38 
PARPONAIIXICE ISPPrlal LOG. eho een des basal bo ok De a ake A Mee 41 
SESE SPEEA) PESO R Tire & 10/6 Comey a Aa a Rn eRe OEE es rr Ars 2S 
fist al solids, CaASc Ol, HULDId- Waterss. . «cued ons bs Oeste Re AS wectetee 56 
DAMA UR Vo An Aly Ses a SANG USKVOREV ELL, oi 5.0, jo!iepse ae Sie SVs sore avin wince sbapheonices 210 
aioe MRT tice Were ce ee A hd Bed co ies, te AR be gta kt 348 
SPT Ge SS Meh ete) Poy Ba Aaa ee Fe aR aE SN 208 
SRT RAS ES DUE es sa Ae Re oe ee Dea ee one ro ena Pra an eR TEN ar Re 13 
SU CREST ETIDUSY UIT TON ooo ale) Se= Sim prion cut are le Pe al Seed eal So Uke bulb ets gabe Sheen aunt 14 
Se Co EMR Tie ee aan yer, Scie, Aiea POR a as atetrak SRenetnoe niet een Aco et RC es LC CR 13 
Rene OD SANEANCO, DUE Rit UREN Bhs hag Bien arstonen tert d,2 dis aeeteiemerety @ 14 
OAD ead ONE NEON Per Ne SLE oc tds ech Maem is hid fo) aay Aes vshoet EN oases 13 
Steet gaya), CMR Poe), ipa iy iin es oe em, a ee a 85-94 
Seale WAUMerCR Ce: Factors Geter NII Es Jo. seve civaldind bd oes vlna plgcheab am <aBsems 85 
canal eseO eva Ca lpet aA DEG oh Geen so Nuc Siciose% fale Matis, § <8a'S se Guat ove ocee ae Mtabe ous SY/ae 
aM RONEN SMO Mer LELP AIL. Wete emde ss, crane payee Fone Gy «aoe in! “ah A dps) Tove igede rsh gains Ps Cior 
ET Em ECE RAED OSTEO UNE naar hae ash els iG deviate nleoda, Ss nee bly Senn ORE 88 
chemical causes for deposition........... 4 OPE eee od aL ie EL 86 
coatineston irom to preven tadherence 10h... . fos. siaic. owes eo den swears. 85 
ea a MCI Tatil ET GIEN CS ante, EAN, COR ack a5) mesa foe ese el) se te nne evoyvehey,dloriaber gets Bhatin ye 8& 
OD Ost Onmande chatacters tl occ sie. si b.alaiece hei ays thease alaiblas Chrme O¢le lel > 87 
composition Initelation tonthat Of Water <i sve ola cera Hed ele ws 87 
HeMitiatecter snap erase cOCHiClelit Oil... cldsd atc once ain os sch ead Ware oom aca alppenn® 72 


ML CHUMER EY Maya ter AMAlVGIS TOlnacian th clas isisscaen 42 «nye aticedngria se vaoe ee ake ol 67 


402 INDUSTRIAL WATER SUPPLIES OF OHIO 


Scale,—Concluded. Page 
loosening by,.electric.CUnrem tis. sist sen. craters eet eee eo ieie = tebsie lean eae nee 113 
placesiothen thanvim:steam) boilersh. samedi etree ie er 88 
Dhysical characteristics, cei svete cicre ake erent snet ore a cal) 88 
Seléctiv.e dep Ositionign «sat scree cies o titre ie renee ecto kc Sea eee a 89 
Stablerisiequation fOLs ses ok methane ete eee ests esis Acne ete cance 72 

el(oynonal an noea chanics en Alois Sika Benicar nic HG in Op OU boob aida cuo O00 O42 210 
WittlesSctototamaliy sess. ase loa oe caters ticks oo eee Ce iene ere eee 214 

Peo] ctl eke Deh eee ae neha eee are An en Ce AS DRS er eye Fc nae Ged Sr 154 

SCO tee Wis Wide coins Soergs ane ee cad ececne onan asg st haey eRe cia en Bie 38 

ScraphronasvOxyie ens remo Vielen sea eerie ool saactet scene) ore eta ee eee ee List 

Se dirnenta thon .ce0e ieee ee oar ee re aoe he ek ec ee ee ae ae Re 156 

SEwace rene ct OLcOnn wa Celine asc: epatetatere ecertetd onset wats) heal eve crf er Renee ak eee 14 
naGhenNHach DN KEIM A MINEIDIOIS. , oop caeodmeugaoeooges ase ahodooscmoace 14 

Shelby,vanalyses of Black Forks Mohican River oe. me ee ae cient eee 188 

Shipping samples, method...... eg «plete a} dial @ goats = poets ahd Seka a a 39 

Sidney amaby ses: of Viarmmipiiyer easeety ucla panei isi. levitc Otenisus tu or emetiat seen eee ec een 180 

CH ea ene, en EN aN Ae ean Aa Ry RMR E TNC Mor nS acl akc aic tt 15 
eve RMD ACLOM on. cea teh ceeceNax ee Pate oad ore ots Sh EN Ro een nee 58-59 

Silicasan deena phiitescoatimese bya Ot ine sion t ee ime rie) ae iene leet aerate eae tee Or 104 

Silliccen easter Cel pe tng eee ee an OE EAE Se Shere aren ore aac a 152-55 

Siierinittrate stand andesolu trons caine esc mec. reste eee 54 

Sludge, see Scaie. 

Sintiphh etnies ata See ota hace tescw i ee mr Se co RE cue Ge Rw ta ee a 85, 92, 94 

Stoic aay cre arr vege cit tee ci a2 ey) a ee a ae 13 

Soap amounteused invhouseholid ieee. vom tee ceetece ene tecl ake ene 80 
calewlationlofconsump tion: bie hard: walter y.ce se oa) eee etek eee 74, 80 
Consumption of byshardiwatene ste... Geom cent ear nee er eee eee 80-8 1 
ConsMmp fonsohesta bier: sheq uation a qe miei Seieis a. eee ae nee 74 
lossesudue onlvatdy water. yo acids alas ie cteten fee ctv: Se ee ee eee ae 80-81, 82 
method for-hardness:cawhacg ak act Rice isc biol olor Sele oa eee 44 
SAVINGSAUE: TOrSOLt swatel mancsaek eee hance: « Sleaah een ee ee 80-81, 82 
Stabler seequation foricOnstim pitlOm Ot seen eee ee 74 

Soda ash, calculation of requirement from hypothetical combinations ......... 144-46 
experimentaledetermination of requirement... ae oe eee eee 143-44 
DUTIEV SOF. Cums. becca enaie its eke eo DORE eS ee 142 
FEquirement fOrasonceMm ee ape ewes heed a eae ee ee ee 74, 139, 142-43 

Sodameagent, nardgessidetenmimatlOnmb ye acess: ies re acerca 48 
preparatiom OfN). 5. tuek ise: sade ek toyen eee lee eee ee 48 
strengthvof, expenimencskom se esacge as cee. «ecu et cle e nee 49-50 
strength of ‘tor Ohioswatersstece esta: <n cet: tn ee ee 49 

sodium; dererminatlonis: cm sas Pave chee obng beh ade oie Ee eee 58-59 

Sodiumeabicarbonatesalkalmityacaused bys ao) ie asi cen an bya 

Sodimm~ carbonates alicalimneyymcatiseds ize cements sais eee ene 52 
decomposition ofan) hvghspressuresboilerss emia) sem: oir ae eee ae 93 
presence.in ‘waitersindicated spa... sees yi ese ee ee 52 
standard Solutions. Cucadeee hate ea Le ee eee 40 

Sodiumuchloride, standard -solucror eee ee eee ee ee nae een 54 

podium: hydroxide) wsean.softening»...2 45k nena cee ee 134 

Sodium oxalate, standard... ..5 ae qcte eee ee ce eee ee 47-48 

Sodium phosphate, boiler water conditioning, use....................svse-.. 94 

DOM Marsaltsn 0 ete eee es es oie toate SSS oats eu ene he eee 9 


(INDEX 403 


Page 

eM RR IR eee en etd ccs Gee CHET Ae, Oi rote alee 123-56 

ee RN Ac ATT ea Maes Ot ee et ee 131 

EM ee Ase A Me TR rs Wa cerca beaten nla hae 130 

PRN aes RN eT AE ee EL La its 126 

RENE SRE LPNs eas os. Aa HAG os OT OE Ey, 133 

SUR tacetiren Fear ahi Mun git ANE aie RENO RAE IETS 124-26 

calculations for from hypothetical combinations................00e--00. 144-46 
SEuh 4 ROR ee; tig on CL cyte ART: ene Nee Seay 140-42 

a Leal Sh Oe tee eT RIO RL PE 142-43 

RaLQUE REM N Ts OLEL Sry Senate Picts Cick kk tunes etd ede Ao Sore 74-76 
Salcmimuocarbonate, analysis in: termscofs.. 6... cs cghe coe ola eee wee des 142 
Parmanretecit. (ree ACTOR Of dIMNe ON as. ccc ocelce cuedie su cee an noche 123-24 
ECSE ROUSE T RE POSES hel ed Seca Pa ee ra ay SD Oar ee ON 124 
Chemin RE PESHINAMONS TOL, , Gi gal. o Scie. fk hs oe Stee aos 137 
PREMIBOIERaCHONS |. on oe ceeds eet aes Se es 123-26, 133, 134, 138, 153, 154 
EAOSE 8 TRUST STG. SS SIC ge CNM Care ie alle ROS Oe aa Ty OR Ag A I OE 136 
PUAETIUSUATS bees ey aug Oe Sie on tay ele RM a ean eee 136 
raw acento OICPETIMNNE MN oo, << ols het achieeees Soetoro 146-49 
Caen PC hn. ter Be tere, Hemline hh LM id OE ae oe eS 149-50 
SEP MEN TONNE -SOUd PLOCESS ci... ccs etiern Laie heehee ee Duhon on tts 134-37 
ee A PRCT N SPER S ON Oey ee Sa cir Res, So tiahe Cid cs OR eee ee 129; 130 
experimental determination of lime and soda ash..............00-00000 143 
Pera eManerAn Sola asaya ee ee LM a eee cee 127-29 
CYDEY FSS) CSO SS a er le rn ree OE AL ee RS A 150-51 
TENET Eos See Oe SW Ret RR Rh Pa ener t a eer 129 
Sema EAMES TIEA TEC OU WE 0 Se ds ck A Seen nce. Shite oS 132 
MLeTenteni-TeaSONS FOr OOd LOSIUES |. amis a cae Paine ow» wet) Slants Mina 129 
aren aN et TERS ETS DUS SR ee i hg eR oh ie oases Os Gale! ie thr aa ee 135 
PERSE e SOL PAR INET ON hi tree Sh form eee va aniline Be A Ut fel de te a ae 123-25 
eet ETITNGN ERS ee Oe oe ee nO, nos ae ea, See re tases PN ER 141 
RPE Per Trea ye oy ee gt oy es aA cl Ea eC ae ne ene Amn 138-39, 140-42 
lime, scftenjne,combined with. permutite’s ..g.0..60 24. bs. so pee ee te 2 2 155 
Soa rage oe attitene aval oe ern nes Rey ers Toh cit eat 8 eer Hak a 83 
ACE ARTERITIS CAP OLS IEOT «il Bec ec Wee ian’ SA recugis detent Hols Sgbeeeee es 132 
na a ad AMO MEMTRC SANG SO GAAS i cea, Moore Fhe CPS aul eo cee 131 
I SAAICMMATUCRMCHECIST IANS Oy hae Seka a SSE Aoys elh oA umn ee eels 128 
PELEGM ICCTA BTNIE MOOT NEMIN ce. ho. at Mae awh nes ee eA pan relates 155 
RAT Ee galt B CaN ey yee Ne ne Pie aiaUS'suale Shes Doskareie oO RL aed She meats, 6 153-55 
CMEC ATEE COMO IGEO AMEN G1 wide ts hanes cont atts wc ae Sm ele) meruyen ie oes 130 
DEO Che SEMEN EMIOMN: CO: GETEFIMAIN EG caien. "We. vyo a = viscous» toe nies srauew ee nels Ras 146-49 
URCMAREL OSE GU MECMIABELAPUNES © cpt ROA on a sips 6-0 ar eya-,oteiah avers oye\ecy Ula seta mele © 129 
eR CAMOESEAIE TU Ciaran fa or ole da cteiatsi alent Hoys'a ps one gas SIN ns aan 130 
Sphisy, GIMSEES sth Ao ced a Se te te nr es, 127, 128 
Barimoned eaten COUN DUG: ce ee iss 1a) cd ame «60a, nates nee Ploalenal 2S 81,82 
SermiMoror Sludge, eH ect-ob TEMPCLAtUIe.vc cerca icine se cis cpereenae Hramlee es Halaete 129 
SIR “USIP, FAS TEEPEGOT WON? ce Me ot hyena Sie OG EER CLE Poi ICTR ac en PRO ns 125 
SBI 2G hy TRIO RTO Oo ea dian Se an en a ea 142 
Nt eT SMR CHM RORINCI teeters iSetat eae waver oxo ah ty) «of aber utlevayaunnd: ouflawes ini 139 
cle MERI VCO TCE MISC en NE ere eA Mang dias cic stale See os ame nse lee 2 134 
«iCSimAN AVES A hTERT SS cceeiele Gi S000) CaS ENC NC UE ee A RE ORE ea 129-30 
REM, WEE GI So = ee ec ete Steen Oe Pee een 152-55 


404 INDUSTRIAL WATER SUPPLIES OF OHIO 


Page 

Softiwater, Cost Of ats Cokumbus y rrecys iets ete ieee siete piel evoke ete en een ae 82 
Hole loses) Uy he eda eE Adaood wea acchaAnnAuadososom ogc oe nakaedmos 84 
Palla ta bility Of. cs, «| outa ce,jesc/eaece erates re acer cneeehe Bhaenetres hi 4 el tener Rte een eee 83 
South Charleston, analyses of Little Miami River...............-+++-++++-5 186 
Southi Solon analysis-of water neaten-s amok i) a0 ee eel ett ee ereeeee 348 
Sree Se Ried Re he mit orien cnc cA Ayaone bin orb 100, 102, 103, 105, 109, 110, 111 
SOLE AS Men Mae EN ING APS OK MNO Okatiee oeO.TAt dis ad Seco BGA obo 131 
Springfield, analyses of Buck Creek........ ee nN ee teh Sas z 162 
analyses-of Mad® River ai 2to.4ae suena cto ce et gs See a eee en eee 172 
ANALYSES Of WATETS lls, cos.cc- -adavoneen tlc -iheai stare asl ese eg acne te one ameR ne cette 348 

2 oC aa eee One ne Ne RR CES” eR EE MPLA CEA n ctucrcs. 0 24, 25, 114, 68-76 
Seal blenisne gt aitlomsnyraryieets a cette once cust reser 4 een, Sion Suet eee ne ene ee eee 68-76 
PUAN e LV OMT, COMANAGI Olen din cn 65 oon GOs mad dood oda na Aco ean eo es 76 
EOLTOSIONE win few heath as decro Pe, Cee est Bs aie a ores oP oa eer ae PS 70 
CONFOSION, SCOCHICLEMt Ole pines)e cee is etal Hate icte snc peace (oeay We Ean ea ena ee 71 
FOAMING, COCMUCIEMEUOL Wh, ail eae wes Ga hodercgt sie Jouko ce oh re egemare Pee ee eee eee 69 
genetalliprincipless: 42.1028 Moke e cies ine, 2 oud Sad Sites EPA ee ee een 68 
Itinesnre quirement torlsofteninic emery ars arsine eesti tees keen + 74 
ScalestOrniatlOms Qld CLONE LOreeey os tens Mei sit c0:-4 encore tenant eee V2 
Scaleshand messy: COeICIENt Olesen tices bine crit oe eet eee ete Pee We 
SOAP ICONS UMP ELON a4 cious Devekee eek RATS sels te eID TRA, eee ee ee 74 
SOdanashsrequiremenmt Lots Of temtme ary: eter ic ye tee nee eaten eee nee 74 
softening calculations... 6.5 ioimeie etic tacie ioe eae oe eee 74-76 
Standardemethods oh mwatercatlalyStSsitein wwii arene reree cleo ere ne nenee een 14 
StavementronmesultssOfavater vainaliyiShst eyes. sien ere ener eerste ieee tienen ane naa ene 16-27 
eraphicalenreth ods a. women thes te lee eicior cad ole eke 6a a Nae ea eee 26 

[Ay KOU NE NEA | OAT SUMEMTIOVNS,.. «2 ns ea acd be beceabiodn sane sete ovens 16-22, 26 
TOMTOM Mite oF Ys Ain ke eee eames cca A 8 pars 2 eat air ak ee 20 
SEES COLLO GI DIL T VAG nce ere een Sees coca Le aS i 101-02 
Steuben yillewanalysesnote hem ke tayete seis ac iece nee susie nen sae ene ena 198 
MS wt rnc e & Ars. ae ya tee ator Ned a lig Pea ee Sle ee atc ee eS es 
Sillwaters Greeks (Bios), analysestes ummm nyet teu ete Seats eee 216 
Dtillwater Nivensanaly.sestot, (see LOO tMOte) lay eer eee eit ener nr een ene 166 
Straight timer fl Ow ca ot obverse aescete e Gcus tea eeu wea ae eee ee ene 106 
SHAOIMeyer ley cee van 2A. a teat eT PETA eC a ae Gy Cone cd oi we 114 
DIC OMMEULTTD 5 5 Lyaee eee sad zeiies Ath, Aeon eee rca euch ac Re ee ee e 10 
SUMAN DMEM hieioinbsiM went, ona acasacudnecnocossrsn cuwedgsoasugueus ly, 
Seacid radicals OP 1OMS. ih Oe) sea tre Sisters ae ee 10 
biearbon a t€8:5 aM scsvaie, dks Gres tue rt ye et ace bene eae 10 
Galkeruirm rsallitsines. 1s shon bbe nieces abate Doo nite nere eens SORT otk Ee Dr ALO: 

(oe Til Kol eh Kaur Ne Kc een ene OR AO RMA WEN ee CREE eg cha do ude hwe i) 
ehilloridiesig: hsp5 6 8 eden he Sake) een ee ote ee ea ee eee 10 
liydro men sul fides icin. ck movnces ud ke Mahe Se colic ee oe 12 
PROD APE ohare ss) A Susfeie ie ore dns ote carts ee) aie AISI iu ce ct oe a ORs 
magnesium: Salts: c,., \yck secre stays on cae ere eR SU Ra OF KG) 
MING CONSEILWEMItSs «40/6 cht Seo cate cone ORs Le 10 
TEATS scabs sade dagtPll stat guess Sue ck tse. eNO aa ne kk a 10 

OT BAMIE MIME CELL, P.osacsee tats, isha vcraste wie gey Ae em Ee 11 
Sodium salts... os & Mudie dassoayowacey web ohapel eames 9, 10 

Sul faites iyo: Madan tsi Seen Det eae crea ne aa 10 
SUITES Ne. Se ater ane eer ee ee Se kag ar oe a bao Sn 10 


INDEX 405 
Page 

AR AE >, 5 vic bcs vc Wicd ps aie OLR Ph oa le Sunland ce cue 10 
determination, gravimetric and turbidimetric............c0ccccucccceecs 62 

eee rr ee CE Eee ed Ns yircbda cs shoals ectlee a toberewee oh 10 

Sulfur waters, see Hydrogen sulfide. 

Beriaronms COrcwOtn nie PPatte Tikes We ose diss 6eda 8s iti secouialeh aly vatttok rede 160 
AINA aed Ss doe Ca 5 ee ee ee Pe oe 162-221 
RERUN ENOGUUGEC emits ef tla fone Liss dere: cou 'es ards Kal sid Roe AIPA deer Ok 161 
PRAIA ERO REIPOG GRU Aten Loch osc tree luls << <,e atv Son sane sone A cs MOEN 161 

iy 

(PERLE Scoggin 0 ya ae ee Bn, eA eT 117 

Pemooreratardness,.Gennitron Ole. «access ces sa ne ME ees osc adawesn Se Vilas ss 

“ISP. ER ee ee en ea 100, 103, 110 

RGIS QHGUISES OL ORNUUSK RAVED. oc nc ac chile coyralenrc cone. s incase oneasavelent es 210 
Santet MERON E Rig PENS 100 Ry TINT hte Sh clo those Sie tathe e e 356 

Pacem RGSIOL WESUTMECRTVED A. 6 A.0 Sains @ Sos 6 sole Fume b sta etd elea ail ahs 178 
MEE MERGER TES DONS WIN coc Sat es hac ht aint sl yok one eck ae lame gH a Peete 360 

DRE Aer calrmee REC De A MUO CRT VET. 6. auc, 1 cele sc twos watery wine ebvids hd Swen ee 198 

UE NAUPS A OT: Los (OUST  E EC) le Steele at Ak ia Be ay PRE Ie wes UR ea 56 

Sates ge EM CW Sten ee LL AU eet see aha ols 1 dutta ateints ibe. c Madanaunetns oh oes 131 

premema ase Sor MaaITE ROVER: We Jie Sinihtog sine ROT SA Cin aT OS 180 
aapaeen aan aN eT tile nie ee Gey, Bate 2a Ndi tap arskhait Toe eee ae ee 366 

CES EUR WS Tate, CEE Bad Ve aes) eran a Nt gene Ler en Ree Rn eee a a 63 
BREE MMe SRY hea area Rin AES vpales ein osetia e ito aan ieee ek fonds 64 

reeset rr Tee also ari HCatlON) yo: <6 cic alsisse Sort kid wLdeR s Aware Me ape oe 156 
upreoreeniy stl ie AS RCAUSE ke Ges i> a ees creins Fae pamavivins Veloce artetoreratunicke 12 
AVEPAR CATER EME tte CEN MEI Bie oe acy Rife Sc foe Mane aroha oe Sig eee SLES 12 
FETT Cy aha th ae Se DE eR STA DSO SrA OnE era mEREEAL aie Aeris = 156 
Sainpiaeeurpid water for total SOS. 5.02 -) 5c sad species. «0 seaaisla ame vcroks me 56 

OE RE SR EU SR sin Oe yl SD ar ee en ee Resin eee te 8 106 

MMe ARS IGCeT CO AN GDS. Auk >on he Oe octave So as Hee OSI Ahr Cele Hameo 216 

U 

IRIE, 5 «et eid aca 5 es a EO oO UPd 21, 29,126 

Phrichaville, analyses of Bie Stillwater Creeko oc... os oye 2 evinces ale sveye piers elo diene 216 
ISIRINHER Tay OPTS UE NET ease cee. 51 te ass aoe aia al ne So cites Atramene 366 

Vppercancusky: analyses.of pandusky River. oxic... ale cisy-(cleielgs ncterslleretarc ict ale 208 

Mania vanialyeen wate ead RI VICK: serie occ ie wa > BE wise ods iste euveldimeecemre ons ale lene 170 
Fis LNG UP) Bape het as, Se ee Re aA rene, Carat Cope 366 

MENTS CAT OGIO CIESTOY p< esi eer eve eta i, a: ci page Sia ei RE vole) © Sse Ae NaI 15 

ie SORES OCMC Ves nt eet OE souk Aiea Mew aud pal akote ate leer ebel ets forse senieee's Bi 

V 
iam toe aD RE ME te Sr et, Ga) 51s Seles chs %os. chasiora"issoupiiohs che) m; © gave lv wets fepeee,o. aus 24 
VHT Sai ior ee eI eT adie (Ol oe Be ete eta DRA SORA DICmD Aree arora ris rece rex 366 
Ww 

Wy civ AVR, ANALYSED oe cces aioe oie sci ere he cie co et tk dae ne vine esis esicneees 218 

Weta tther ya tS phe ees tea ic 113 

Wearcempernaiyses of Mahoning River........ 2.56... eee cece nese e ee en evens 174, 176 


PMR CR EETOAN Sci cycle ns ae eee eee ee hace nee eaten eee 366 


406 INDUSTRIAL WATER SUPPLIES OF OHIO 


Page 
Washinton Calis analyses .of watersyitley, emesis tit samen ace ieee cece 370 
Wrartercditin King. accent van catetan st ok rete thes soe Nees rep oR: acs een ee 14 
eroun dwatersvot Ohion riya a+ sy carocke ue aeeeers oat hone tee aes cet ete Rome ea 222 
household use, see Household. 
VOM Chantal sehen Aa oe rate tre tS ios BY Sete ELS Ng oe ee, eae en A 15 
lelahonau a7 Io bmratd ON lecoedth Sitar Ss Gone uo nla clad omneaiot RAO uy ocd otiah yi bs 80 
TAO InAs OClohol Iho, gouache ur doecee hen bacsousen sh aoc ss- 14 
surface waters Ot OhiGs ier seve cde. Co oeiertess Se ccuei en aos ae ae ete eee eee 162-221 
Water analysis, see Analysis of water. 
iWiaiiseon atanal visits ofswa ters cx. eoceaucpsless)cieve can Suse cle Rea eter a ame es 370 
Waynesburo analy SisuOt swaller inlets cierto ence) tenets te eseree nea 372 
Wrehirenifetim ig sane Wec.scre? scotia suc 2 eetocien erase oe reas se mene TAR eran ee 126 
Welling epy ce tere We etn saa taaciete # yh Sus tas(eocor feawar ah wheal RW tcl eel ee 100 
Wrellstonsanalivisissof waterimysse ie aoe cre aoe ee ae See Se eee Bie 
Wellsvillewanallysesof Ohio, Rivers. oh ae sm aie stent ene ae arene 194 
BWV ES terete eet ae enseie he ad Rothe cua Tolt themmucess 1. Gok 2a ieuhe, event tetera Nee 112 
NACo) othe Or ae BPR Me nD nr Be AC RR OR eRe a eee Pe Mtr isn eto GalG Ss 158 
Win DIA Bate Hie Meterat pats hMbce lace: titres, i cette br cyte eee 74, 80, 128 
WaltiGina timrephe ot wenn Aas tits at laicte thar oan hee eR eae ne an, Sets 100, 103, 107, 110 
WATE eV a tec ure tote tae sae teee ache hind yeti Haat cdiner Ens eee ea ee 97 
Waillss Creek ama ly s@s-..5 She id..cectie ake Bt boar hapa Pee eT RCo ae 220 
Nn oy neal Dad Co ae er tan A ee Ae eR Re COMM ROE TO SS aa bot 97, 101 
VWs SOT a RUNWEG Rs ho.col BP OR eer eneb.0 cg erty RAN a DR A a 97, 99, 105, 108 
Wicodstocksanalyisestohawaiters Inia. .aiqe mateo ann ei eae 372 
Woostervanalyses: ofA pple Creeks. sern ies ee oe a ee eee 162 
analvseswor Kalllipure ka Greeks seu ees oie aie ea ee rane enna 168 
ANALYSIS Of Wat ela Me it c.ct ee oe Oe ee po he ee ee 374 
WirowehitsironsscOrcodibilit yin jes: Gerseae ne aoe a ee ae ee ee ee ee 101-02 
xX 
Xeniaanalysestop latches iamiehayien ake: een eee 186 
analy sésiot waters 1s vee Arecasews amie aera eee ae eee 374 
y*¢ 
Nellowpoprinies analyses toh cyyavensulll ge ssi aie ian ie ens anne ena 376 
Norkville;analysesvot wat€rsics... css. oy test PSs oe ee 376 
PYOUTE OES, ect ag an, pram auscaye abode tat ROCA slo CRIA Ones os Soe Eh ee Dil 
Younestown; analyses ofeMiahoninguliverss) seers eee ere ene nee 174 
analvses.cOf: waters Iss. tie ie seer ies Sve Se er te 376 
Z 
LEG NENA, eM el NAXSS Cohen ON SUaVen RU Se, a Goma ndohgecosaoueascsoetoadoasuve® 170 
analysessofeliusikin purin eRiy, ene sree eueis aha cicero 190 
analyses Of Waterssuims y.. oc k ciutta pon eeu aie cl ate ee 382 
Leolites (See:alsonPermutitew)-scme ok - eke ee ee ee ee 152-55 
houseliold-softening.. 225 cst s en a ome ec ee ete 84 
DERM UCL COs, cha.c Fetes Saks wo lene A Se ee ee 153-55, 
reactions withics. soos oth itee cote ee ee ee ee 153, 154 
softener, Operations Offs . sci «cMk.poesc cursos Roe oe 155 


Zine uselas: preventive Of ConrosiOne saya yee ae eiepa eeeeenee Te, 


-* 


Fe 
ee 5. ee 
es 

os 


= " 
4 5 
— 
ot 
=~ ae ' 
bos et 
ts cs 


ea a oo 


7 


DATE DUE 


TERICK MEMORIAL LIBRARY 
ONUU | 


eter Menor Liar ill ‘ign | 


Ohio Northern University 
+ OE Att. ALO 


Heterick Memorial Library 
Ohio Northern University 
Ada, Ohio 45810 


REA 


os i 


pear 


tite 
aaa 


i 
ia 


Doe ER 
Minwaieosans 
tae 


Meats, 
Roa 


